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I. OVER DEN IN VLOED EENER MAQNE- 
TISAT1E OP DEN AARD VAN HET DOOR 
EEN STOF U1TGEZONDBN LIGHT 

VERSCHEIDENE JAREN GKELEDEN, BIJ 
gelegenheid mijner metingen over het KERR- 
effect, kwam de gedachte bij mij op of ook 
het licht door een vlam uitgezonden zou kunnen 
veranderen wanneer deze aan magnetischen 
invloecl onderworpen werd. De gedaclitengang 
waardoor ik mij de mogelijkheid hiervan trachtte 
op te helderen, doet op 't oogenblik minder 
ter zake, in alien gevalle gaf hij mij aaiileiding 
de proef te nemen. Met een geimproviseerde 
inriehting werd het spectrum van een natrium- 
vlam, geplaatst tusschen de polen van een 
electromagneet van RTJHMKORFF, bekeken. Het 
resultaat was negatief. Waarschijnlijk was ik niet 
spoedig op deze proef teruggekomen, wanneer niet 
voor een paar jaar mijn aandacht was gevallen op 
de volgende passage in een schets over FARADAY 
door MAXWELL. Hier (MAXWELL, Collected Works 
II p. 790) lezeii wij : ,,Bef ore we describe this result 
we may mention that in 1862 he made the relation 
between magnetism and light the subject of his very 
last experimental work. He endeavoured, but in 
vain, to detect any change in the lines of the 
spectrum of a flame when the flame was acted on 
by a powerful magnet. ' ' Wanneer een FARADAY aan 
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de mogelijkheid van de genoemde betrekking dacht, 

kon 't nog wel de nioeite loonen met de tegen- 

woordige uitstekende hulpiniddelen op spectraal- 

analytisch gebied de proef te herhalen, daar het 

mij iiiet bekend is dat dit door anderen gedaan 

werd. De uitkomsten waartoe ik tot dusver kwam 

wil ik mij veroorloven in J t kort mede te deelen. 

2. De electromagneet waarvan in 't vervolg 

sprake zal zijn was een RUHMKORPF, middelsoort. 

De stroom die voor de magnetisatie gebruikt werd, 

was afkomstig van een accumulatoren-batterij en 

bedroeg meestal 27 amperes en kon tot 35 amp. 

worden opgevoerd. Het licht van de gebruikte 

lichtbron werd ontleed door een tralie van ROWLAND, 

met een kromtestraal van 10 Eng. voeten en met 

14438 lijnen per inch. Het eerste spectrum werd 

bekeken en wel met een loupe van FRESNEL. Een 

fijn te verstellen spleet was geplaatst dicht bij de 

lichtbron, die aan de magnetisatie werd blootgesteld. 

3. Tusschen de paraboloidische polen van den 

electromagneet werd het midclendeel van een 

BuNSEN-vlam geplaatst. Een stuk asbest met 

keukeiizout doortrokken werd in de vlam gebracht, 

zoo dat de 2 D-lijnen, in de loupe gezien, zich scherp 

en fijn afteekenden tegen den donkeren achter- 

grond. De afstand der polen bedroeg ongeveer 

7 mM. Werd nu de stroom aangezet, clan werden 

de beide I>-lijnen duidelijk verbreecl. Ze keerden 

bij 't verbreken van den stroom in den aanvanke- 

lijken toestand terug. Optreden en verclwijnen van 



de verbreeding deden zich voor onmiddellijk na het 
aanzetten resp. verbreken van den stroom. De proef 
kon een willekeurig aantal malen herhaald worden. 

4. De BuNSEN"-vlam werd vervangen door een 
gas-zuurstofvlam. Evenals in 3 werd asbest met 
keukenzout doortrokken in de vlam gebracht. Deze 
steeg verticaal tusschen de polen naar boven. Werd 
iiu de stroom weer aangezet dan werden wederom 
de D-lijnen verbreed, zoodat ze wel 3 a 4 malen hun 
oorspronkelijke breedte kregen. 

5.' Bij de roode lijn van lithium, dat in den vorm 
van het carbonaat gebruikt werd, werden geheel 
analoge verschijnselen waargenomen. 

6. Men zal mogelijk in het gevoiiden verschijnsel 
(3, 4, 5) niets bijzonders zien. Men kan toch aldus 
redeneeren: Verbreeding der spectraallijnen van 
een gloeiend gas worclt teweeggebracht door ver- 
meerdering der diehtheid van het stralende lichaam 
en door temperatuursverhooging * ) . Nu wordt on- 
getwijfeld onder den invloed van den magiieet de 
vorm van de vlam anders (wat gemakkelijk te zien 
is) en daarmee dus de temperatmir. Men zou dus 
geneigd zijn alleeii daardoor het verschijnsel te 
verklaren. 

7. Niet zoo gemakkelijk schijnt het een andere 
proef te verklaren. Een porseleinen buis, van 
binnen en van buiten verglaasd, werd tusschen de 
polen horizontaal opgesteld met de as loodrecht op 

M ZIP. fighter ook PRINGSIIEIM CWied. Ann. 45. 7). 457. 18921. 



de verbindingslijn der polen. De inwendige mid- 
dellijn van cle buis bedraagt 18 mM. ; de wanddikte 
2 mM. De lengte van de buis is 15 cM. Aan de 
einden zijn op de buis 1 ) geschoven, nauwsluitende 
stukken, waarop cloppen met parallelle glasplaten 
voorzien geschroefd kuniien worden. Cm die 
stukken zijn aangebrackt 1-deine watermantels. Met 
cloorstroomend water kunneii aldus de koperen 
stukken en daarmede de glasplaten voldoende koel 
worden gehouden, wanneer de porseleinen buis 
gloeiend wordt gemaakt. 

Verder zijn dicht bij de glasplaten aan de koperen 
stukken zijbuisjes aangebracht, die door kranen 
kunnen worden afgesloten. 

Een groote BuNSEN-vlam kon de buis ongeveer 
over eeii afstand van 8 cM. gloeiend niaken. Het 
lieht van eeii electrische lamp, die zijdelings eeii 
paar meters van den electromagneet af stond om 
inwerking daarvaii op den liclitboog te vermijden, 
werd door een metaalspiegel door de buis geworpen. 
Met het tralie werd mi het spectrum van het boog- 
licht ontworpen. Met de loupe werd ingesteld op 
de .D-lijiien. Dit kan zeer nauwkeurig geschieden, 
daar in 't midden der lichtende J?-lijnen door zelf- 
omkeering zeer fijne absorptielijneii voorkomen. In 
de porseleinen buis werd mi een stukje natrium- 
metaal gebracht. De BuNSEN-vlam wordt aange- 
stoken en cle verhitting neemt een aanvang. Een 



gekleurde damp begmt weldra de buis te vullen, 
die eerst violet, dan blaiiw en groen wordt en einde- 
lijk onzichtbaar is voor 't bloote oog. In 't spectrum 
iieemt bij 't stijgen van de temperatuur het 
absorptie-gebied snel af. Alleeii in de buurt der 
D-lijnen is een sterke absorptie. Eindelijk worden 
de 2 absorptie 7?-lijnen zichtbaar. Op dit oogen- 
blik worden de polen van den electromagiieet tot 
vlak bij de buis geschoven, zoodat hun afstand 
ongeveer 24 mM. bedraagt. De absorptielijnen zijn 
nu vrij scherp geworden over het grootste deel 
hunner lengte. Aan het ondereinde loopen ze 
echter breed nit, een gevolg van de grootere dicht- 
heid van de Net-damp in het onderste deel der buis. 
Wordt nu de stroom gesloten, dan ziet men onmid- 
dellijk de lijnen breeder en zwarter worden en on- 
midclellijk weer in hun ouden vorm terugkeeren bij 
't verbreken van den stroom. De proef kan naar 
willekeur herhaald worden, tot op 't oogenblik 
waarop alle natrium verdwenen is. 

Dit verdwijnen van 't natrium moet voornamelijk 
worden toegeschreven aan de inwerking er van op 
't giazuur der buis. Bij verdere proeveii werd 
daarom ook een niet-geglazuurde buis genomen. 

8. Voor de laatste proef (7) zal men mogelijk 
nog eene verklaring in de volgende richting willen 
zoeken. De gebruikte buis is zeker boven en be- 
neden niet even warm geweest, vercler was de dicht- 
heid van den Na-dsunp, zooals uit den vorm der 
D-lijnen blijkt (7) merkbaar verschillend op ver- 
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sehillencle hoogte. Convectiestroomeii ten gevolge 
van het temperatuursverschil tusschen boven en 
ondervlak war en dus zeker aanwezig. On der zekere 
voor de hand liggende onderstellingen kan men be- 
rekenen clat ten gevolge van het aanzetten van den 
electromagneet drukverschillen in de buis ontstaan 
van dezelfde orde van grootte als die van het tem- 
peratiiurverschil afkomstig zijn. 

Bij de magnetisatie zal dus bijv. de onderste 
dichtere laag dientengevolge meer naar het midden 
der buis gebracht worden. De lijnen zullen ver- 
b reed worden. Hun breedte op een bepaalde hoogte 
wordt toeh voornamelijk bepaald door het aantal 
gloeiende deeltjes op die hoogte in de richting van 
de as der buis. Hoewel deze verklaring nog tot 
enkele moeilijkheden voert, valt er zeker iets voor 
te zeggen. 

9. De in (8) aangeduide verklaring van de ver- 
breeding der lijnen is niet meer toepasselijk op de 
volgende wijziging der proef, waarbij een iiiet- 
geglazuurde buis werd gebruikt. De buis was in- 
wendig 10 raM. wijd, de wanddikte bedroeg ruiin 
1 mM. De polen van den electromagneet konden. 
op 14 mM. afstand gebracht worden. De buis werd 
inplaats van met een BuNSEN-vlam met een blaas- 
vlam in het midden helder roodgloeiend gehouden. 
De blaasvlam en de kleinere middellijn der buis 
makeii het gemakkelijker deze boven en beneden op 
dezelfde temperatuur te brengen. Deze was nu 
hooger dan vroeger (7) en de Afa-lijnen blijveii 
i 



voortdurend zichtbaar 1 ). Men kan mi afwachten 
tot op verschillende hoogten de Na-d.a,mp dezelfde 
diehtheid heeft. Door voortdurende draaiing der 
buis om haar as heb ik dit nog bevorderd. De 
absorptie-lijnen zijn nu van boven tot beneden even 
breed. Bij aanzetten van den magneet verbreeden 
zich ITU plotseling de absorptie-lijnen over hun ge- 
heele lengte. De verklaring volgens de wijze van (8) 
gaat nu niet op. 

10. G-aarne had ik de uitwerking der magneti- 
satie op 't spectrum eener vaste stof onderzocht. 
Erbiumoxyd heeft zooals BWSEN en BAHR hebben 
gevonden de merkwaardige eigenschap bij gloeiing 
een spectrum met heldere lijnen te geven. Bij de 
door mij gebruikte dispersie blijken die lijnen 
echter voor mijn doel niet scherp genoeg te zijn. 

11. De verschillende proeven, van 3 tot 9, heb- 
ben het steeds waarschijnlijker gemaakt, dat de 
absorptie- en dus ook de emissielijnen eener gas- 
vormige stof door magnetische krachten worden 
verbreed. Is dit het geval, dan zouden dus onder 
den invloed van een magnetisch veld naast de eigen 
trillingcn der atomen, die het gewone lijnenspectrum 
teweegbrengen, trillingcn van andcre periode 
optroden. Ik hoop door voortgezet ondcrzoek te 
kuniien uitinaken of het inclerdaad onvermijdelijk 
is deze specif ieke werking der magnetisatie aan 
te nemen. 
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UIT cle voorst elling die ik mij ten slotte gevormd 
had, van deii aard der krachten, die in het 
magiietische veld op de atomen werkeii, scheen mij 
te volgen dat bij een bandenspectrum en uitwendige 
magnetische krachten het door mij bij een lijn- 
spectrum gevoiideii verschijnsel zou uitblijven. 

Het is tocli zeer waarschijnlijk dat het onder- 
scheid tusschen een banden- en een lijnspectrum 
niet op een quantitatief, maar op een qualitatief 
verschil b crust 1 ). Bij een bandenspeetrum heeft 
men met samengestelde moleculen te doen, bij een 
lijnspectrum met sterk gedissocieerde moleculen 
met weinig atomen. Het verder onderzoek heeft 
doen zien, dat de voorstelling 1 die ik mij over de 
oorzaak der verbreediiig bij een lijnspectrum vorm- 
de inderdaad in hoofdzaak juist was. 

13. Ben glazen buis aan de einden met planpa- 
rallelle glasplaten gesloteii, werd opgesteld tusschen 
de polen van den RUHMKORFF, op dezelfcle wijze als 
de porseleinen buis van 7. Door een oiider de buis 
geplaatst gasvlammetje werd het j odium ver- 
dampt, zoodat de violette damp de buis vulcle. 

Met behulp van electrisch licht werd het absorptie- 
spectrum bekeken. Wegens de lage temperatuur is 

1 ) KAYSER in WINKELMANN 's Handbueli II. 1 p. 421. 
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dit het bandenspectrum. Bij de groote gebruikte 
dispersie ziet men in de bandeii een zeer groot aantal 
fijne donkere lijnen. Wordt de stroom om den 
magneet gesloten dan ziet men, in tegenstelling met 
wat de proeven met A^-damp leeren, geen veran- 
dering in de donkere lijnen. Het uitblijven van 
't verschijnsel in dit geval geeft steun aan de op- 
vatting dat ook zelfs in de eerste proef met Na- 
damp ( 7) de convectiestroomen zonder invloed 
zijn geweest. Want mi zijn de convectiestroomen 
tengevolge der magnetisatie, die ik in dit geval 
nog mogelrjk achtte, blijkbaar onvoldoende om eene 
verandering van het spectrum teweeg te brengen, 
en ofsclioon ik dit niet aan den vorm der absorptie- 
lijnen zien koii (vg. 7) is ook het bandenspeetrum 
van j odium evenals het lijnspectrum zeer gevoelig 
voor dichtheids- en temperatuursveranderingen. 

14. Al stelden mijne hulpmiddelen mij ook niet 
in staat anders dan eene voorloopige ruwe meting 
te verrichten zoo meen.de ik toch dat het van belang 
was het bedrag van de magnetische verandering van 
den trillingstijd bij benadering vast te stellen. De 
verbreeding der ZMrjnen naar weerszijden bedroeg 
zoowat 1 / 40 van den af stand dicr lijnen, terwijl de 
stcrkte van het magneetveld zoo ongeveer 10 4 be- 
droeg. Daaruit volgt dus een positieve en negatieve 
raagnetische verandering van ] /4 ooo van c ^ en ^ rn ~ 
lingstijd. 

15. De gedachtengang, die ik in (1) noemde en 
waardoor ik er toe kwam naar een invloed der 

i 



de beschouwing juist dat in een magnetisch veld een 
rotatiebeweging van den aether om de krachtlijnen 
bestaat (KELVIN en MAXWELL) en mag men zich de 
lichtstraling voorstellen- als veroorzaakt door de be- 
wegingen van at omen, t.o .v. het zwaartepunt van 
het rnolecuul, in allerlei banen, stel voor de eenvou- 
digheid rondvliegend in cirkels, dan zal de trillings- 
tijd of wat hetzelfde is de omloopstijd in die cirkels 
door tusschen de atomen werkende krachten worden 
bepaald eii zullen onder den invloed van de uit 
de magnetisatie voortvloeiende storende krachten 
tusschen aether en atomen, naar beide kanten af- 
wijkiiigen in den trillingstijd kunnen voorkomen. 
Het teeken van die af wijking zal natuurlijk bepaald 
worden door deii zin der beweging gezien van uit 
de krachtlijnen. De afwijking zal des te grooter 
zijn naarmate het vlak van een cirkel meer tot een 
stand loodreeht op de krachtlijnen nadert. 

16. lets later helderde ik mij de zaak op door 
te denken. aan den invloed uitgeoef end op de periode 
van een trillend systeem wanneer clit gekoppeld 
wordt aan een ander dat in" snelle rotatie verkeert. 
Lord KELVIN heeft, nu 40 jaar geleden, het volgend 
mechanisch probleem opgelost 1 ). De uiteinden van 
een dun koord zijn vastgemaakt aan de 2 einden van 
een horizoiitale staaf, die met constante hoeksncl- 
heid om een verticale as door zijn midden wordt 

a ) Proc. E. S. 1856. 



punt bezwaard is midden, aan het eerste vastge- 
maakt. Onderzoeht wordt nu de beweging 'bij een 
kleiiie verstoring van het punt. Bij groote hoek- 
snelheid wordt de oplossing vrij eenvoudig. Cirkel- 
vormige bewegingen van het punt in verschillenden 
zin doorloopen, hebbeii iets andere perioden. Ver- 
gelijkt men den dubbelslinger met een lichtend 
at com en de beweging van de draaiende staaf met 
de rotatiebeweging om de magnetische krachtlijnen, 
dan is de toepassing op oiis geval duidelijk. 

Het behoeft wel geen betoog dat aan de boven- 
genoemde beschouwingen hoogstens als aanwijzing 
van min of meer analoge gevallen eenige waarde 
toekomt. Ik deel ze echter mede omclat ze de eerste 
aanleiding tot mrjn proeven waren. 

17. Tot een werkelrjke verklaring van de magne- 
tische verandering van den trillingstijd scheen mij 
de theorie van Prof. LORENTZ den weg te wijzen, 

In die theorie wordt aangenomen, dat zich in alle 
lichamen kleine, electrisch geladen massadeeltjes 
bevindcn, dat alle electrische verschijnseleii op de 
ligging en beweging dezer ,,ionen" berusten en dat 
de liclittrillingen vibraties dier ioiien zijn. Door de 
lading, ligging en beweging der ionon is dan de toe- 
stand in den aether geheel bepaald. Op zoo'n ion 
werken, wanneci' het zich door een maguetisch veld 
beweegt, mcchanische krachten als die waarvan 
boven sprake was en die dan ook de verandering 
in trillingstijd nioeteii verklaren. Prof. LORENTZ 

i 
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\vien ik deze beschouwing mededeelde, heeft dade- 
lijk de vriendelijldieid gehad mij aan te geven op 
welke wijze de beweging van een ion in een magne- 
tisch veld volgeiis zijne theorie wordt bepaald, en 
er mij op gewezen, dat was de verklaring die uit 
zijne theorie voortvloeide juist, cle speetraalstreep 
aan de randen eirculair gepolariseerd moet zijn. 
Het bedrag van de verbreediiig van de speetraal- 
streep zou dan gebruikt kimnen worden om te zien 
welke verhouding tusschen lading en massa men in 
deze theorie aan een deelt j e dat de beschouwde licht- 
trillingen uitvoert toeschrijven moet. 

De zooevengenoemde hoogst belangrijke gevolg- 
trekking van Prof. LOKENTZ, omtrent den polari- 
satietoestand in de magnetisch verbreede spectraal- 
lijn heb ik door de proefneming geheel bevestigd 
gevonden. ( 20). 

18. We zullen nu de bewegingsvergelijkingen 
opstellen voor een trillend ion, dat zich in het 
X F-vlak beweegt in een homogeen magnetisch 
veld, waarin de magnetische kracht in de richting 
der positieve ^-as loopt en d"e waarde II heeft. We 
denken ons daarbij het coordinaten-systeem zoo ge- 
kozen, dat van nit de positieve ^-as gezieii, men door 
een draaiing over 90 in een richting tegengesteld 
aan die van den imrwijzer de + X-as met de + F-as 
doet samenvallen. Laat e, cle lading (in electro- 
magnetische maat) van het positief geladen ion zijn, 
en m zijn massa. De bewegingsvergelijkingen zijn 
dan : 
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dt 



(I)*) 1 ) 



DQ eerste term van het tweede lid drukt de ge- 
wone elastische kracht uit, die het ion iiaar zijn 
evenwichtsstand terug drijft, de tweede de mechani- 
sche kracht die van het magnetisch veld afkom- 
stig is. 

Hieraaii wordt voldaan door: 



x = e s 



mits: 



-f- 



effsa, 



(2) 



(3) 



Hicriii zijn nu m, 7v_, e II, als gegeven te be- 
schouwen. 

In 't bijzonder iuterosscert ons de trillingstijd T. 
Is H clan volgt uit (3) 



of: 



T 

1 - 



(4) 



*) Met ecu * wordt liior on in hot vcrvolg verwezcn naar 
opnici'kingcii van dc uitgcwers van dcmi hc.rdruk, die men 
tclkcns aan hot cindc dcr verlunuleling vindt. 

1 ) J)(!zo vorgclijkingcn hcbbcu dcnzclfden vorni als die voor 
den slinger van FOUOAULT en leidcn natuurlijk tot overcen- 
kom.stii?c resultaten. 



eH 



./., 
s = i -.7=. 1 1 

Vm\ 

Noemt men T' den trillingstijd in dit geval dan is : 



T , __ ?rm 
~ 



A 
V 



De verhoudmg van de veranclering in trillings- 
tijd tot den oorspronkelijken trillingstijd wordt: 

B ______ HT .............. 

2 k Vm m 4v 

Een bijzondere oplossing van (1) is die waarbij 
de ionen zich bewegen in cirkels. Bewegen ze zich 
in positieve richting (d. w. z. in de ricliting van de 
wijzers van een uurwerk voor een waarnemer die 
aaii den kant staat waarheen de krachtlijnen loopeii) 
dan is de periode iets kleiner, dan wanneer ze zich 
in negatieve richting bewegen. De periode wordt 
in het eerste geval bepaald door de waarde van (5) 
met het benedenste teeken, in 't tweede geval met 
het bovenste. 

De algemeene oplossing van (1) leert dat behalve 
cirkels door de ionen ook beschreven worden ellip- 
tische banen, die langzaam draaien. 

In 't algemeene geval dat de oorspronkelijke be- 
weging van het ion een willekeurigen stand in de 
ruinate heeft, blijkt het gemakkelijk dat de projectic 
der beweging op het X F-vlak hetzelfde karakter 
behoudt. De projectie der beweging op de J?-as is 
een gewone eiikelvoudige trilling, zij is onafhan- 
i 
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kelijk van en heeft geen invloed op die in 't X Y- 
vlak en ondergaat dus geen inwerking van de 
magnetische krachten. Natuurlijk is de nu gegeven 
beschouwing over de beweging van een ion alleen 
bedoeld als allereerste schets van een theorie der 
lichtbewegingen. 

19. Stellen we ons een waarnemer voor die een 
vlam, geplaatst in een magnetisch veld bekijkt in 
zoodanige richting dat de krachtlijnen van hem af 
of naar hem toe loopen. Denken we ons dat die 
waarnemer de ionen van 18 zelf in hun beweging 
kan volgen, dan zal het volgende worden opgemerkt. 
Er zullen ionen zijn die zich in cirkels bewegen en 
die dus circulair gepolariseerd licht uitzenden, door- 
loopen ze die rechtsom dan zal de trillingstijd bijv. 
grooter zijn dan toen er geen magneetveld was, 
linksom dan zal deze klciner zijn. Er zullen ook 
ionen zijn die schijneii stil te staan err die zich in 
werkelijkhcid met oiiveranderdeii trillingstijd even- 
wijdig aan de krachtlijnen bewogen. In de derde 
plaats zullen cr ionen zijn die zich schijnen te be- 
wegen in draaiende elliptische banen. 

Wil men ovcrwegcn wclke tocstand in den aether 
wordt opgcwekt door de zich bowegende ionen, dan 
kau mo] i gebruik makoii van den volgenden regel, 
die door Prof. LOKENTZ nit do algemeene theorie is 
afgolcid. llccft in eon moleeuul een ion P 
watirvini do cvwxwiclitsstand P (} luogo hoeten 
twco of moo.r bowcgingo,n tegelijk, in (lien zin dat 
de vector P P op oik oogcnblik vcrkrogon wordt 
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door de vectoren P P die op datzelfcle tijdstip bij 
de afzonderlijke bewegingen zouden voorkomen 
samen te stellen, dan wordt in den aether, op een 
af stand die zeer groot is, in vergelgking met P P, 
de toestand verkregen door die, welke in de be- 
doelde afzonderlijke gevallen bestaan zouden, op 
elkander te superponeeren. 

Hieruit kaii men vooreerst afleiden dat eene 
cirkelvormige beweging van een ion in punten, die 
op de as liggen circulair gepolariseerd licht geeft. 

Verder kan men in plaats van de boven beschouw- 
de elliptische banen eene andere voor ons doel meer 
geschikte ontbinding kiezen. Men kan n.l. de be- 
weging die het ion heef t voor de magnetische kracht 
werkt, oiitbiiiden in eene rechtlijnige trilling eveii- 
wijdig aan de 2 -as en twee cirkelvormige (rechts 
en links loopende) in het X F-vlak. 

De eerste blijft onder den invloed der magneti- 
sche kracht onveranderd, van de laatste worden de 
trillingstijden gewijzigd. 

Door een tralie worden de van de ionenbewe- 
giiigen afkomstige trillingen gesorteerd naar den 
trillingstijd dus de geheele beweging in drie groepen 
gesplitst. De streep zal eeii triplet vormen. In 
alien gevalle laat zich wel verwachten dat de 
spectraallijii breeder zal zijn dan zonder magnect- 
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20. Eene bevestiging van de laatste gevolgtrek- 
king mag zeker wel als een bewijs voor de juistheid 
van de theorie, van Prof. LORENTZ worden aange- 
zien. Ten einde door de proef hierover te beslissen 
werd de electromagneet van 2, maar nu met door- 
boorde polen, zoo geplaatst dat de verbindingslijn 
der polen het midden van het tralie sneed. De 
ZMijnen werden bekeken met de loupe van FKESNEL, 
waarin een verticale draad was gespannen. 

Tusschen het tralie en de loupe werden het plaatje 

en de nicol geplaatst, die ik vroeger bij het onder- 
zoek der normale polaire terugkaatsing op een ge- 
magnetiseerden spiegel heb gebruikt 1 ). Het plaatje 
en de nicol werden zoo ten opzichte van elkaar ge- 
plaatst, dat reehts circulair gepolariseerd licht werd 
uitgebluscht. Nu moet volgens liet vorige de ver- 
breede spectraallijn aan den eenen kant reehts aan 
den anderen links circuUur gepolariseerd zijn. 

Door een draaiing van den analysator over 90 
moot hot licht, dat eerst word uitgebluscht, worden 
doovgolatoii en omgekeerd. Of wcl koort men de 
richting van don stroom om, dan moet als eerst do 
roc.htor liolft, (1(M' lijn in den toestd /iditbaar was, 
nu do linker hot word on. Do draad in do loupe 
word op do lijn ingostold. Bij hot omkooron van. 



op dui'gelijkc. \vij/o door tic draaiing van elliplisclu 1 bautni 
der ,,eU't'.ii % ()ns" onder invloed van Hl.ortuide ki'aclil.cn vw- 
klarcn wil. 

1^ r /i,M,-M.*M "/Iniiiir A I- ml i. in in 1 >C> .Iiiinint>i 



den. stroom versprong de ziehtbare bjn! Deze proei 
kon. naar willekeur herhaald worden. 

21. Een geringe wijziging van bovenstaande 
proef is nog deze. Bij onveranderden stand van 

het -plaatje wordt de analysator rondgedraaid. 



verbreede spectraallijn wordt dan bij een oin- 
wenteling van den analysator tweemaal breed en 
tweeraal smal. 

22. De electromagneet werd 90 in een horizon- 
taal vlak gedraaid van uit den stand van 20, zoo- 
dat de krachtlijnen nu loodrecht stonden op de ver- 
bindingslijn van de spleet met het tralie. De randen 
van cle verbreede spectraallijii bleken nu lineair 
gepolariseerd te zijn en wel in een vlak dat loodrecht 
staat op de lijn. Dit verschijnsel is onmiddellijk 
duidelijk uit de beschouwing van 19. Men ziet 
de cirkels, waariii zieh de ioneii bewegen en die 
loodrecht op de krachtlijnen staan nu op hun kant. 

23. De proeven 20 tot 22 kan men als een be- 
wijs daarvoor beschouwen, dat cle lichttrillingen 
veroorzaakt worden door de beweging van ionen, 
gelijk die door Prof. LOEENTZ in zijne electriciteits- 
theorie zijn ingevoerd. Uit cle gemeten verbreediiig 
( 14) kan met behulp van betrekking (6), nu cle 

iy 

vciiiouding -7 worden gevonden. Het blijkt dan 

x> 

dat van de orde 10 7 is. Natuurliik kan deze 

771 . J . 

uitkomst uit de theorie slechts als een eerste bena- 

dering worden beschouwd. 

i 
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24. Uit de proef van 20 kan men afleiden of 
het positieve of het iiegatieve ion zieh beweegt. 
Loopen de krachtlijnen in de richting naar het 
tralie, dan bleken de rechts circulai^ gepolariseerde 
stralen een kleineren trillingstijd te krijgen. In ver- 
band met 17 volgt daaruit dat het de positieve *) 
ionen zijn die zich bewegen of die althans een 
grootere baan beschrijven. 

25. Vooral nu de magnetiseeriiig der spectraal- 
lijnen in de theorie van Prof. LOEENTZ gei'nterpre- 
teerd kan worden, wordt het verder onderzoek er 
van zeer aanlokkend. Er dringen zich al dadelijk 
een reeks van verdere vrageii op. Het schrjnt vecl- 
belovend om voor verschillende stoffen, onder ver- 
schillende omstandigiiedcn van temperatmir en 
druk, bij verschillende sterkte der magnetisatic de 
beweging der ionen na te gaan. Het verder onder- 
zoek zal ook moetcn uitmaken in hoeverre of dc 
sterke magnetische krachten, die men aanneemt 
dat aan hot oppervlak van de zoii work on, de 
spoctraallijneii daarvan kumien. wijzigen. 



Dczc vci'liancleling is ho.i'drukt uit dc Zittmgs vcrslageii tier 
Kon. Akadcmic van \^ ^ ctcl) > s(ll;ll)l)cn te Aiusterdani, ,'U October 
en 28 November 1896, Dcel V, p]). 181184 en pp. 242248. 
Op p. 7 eindigt de luededeeling', die in de Zittin^ 1 van 
31 October 1896 aaiigoboden en in het verslaj? van dexell'de 
Zitting geplaatst word. Het volgendc is de herd rule van de 
on 28 November aanij;cl)oden nicdedcelint''. Deze laatstc draua't 
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der paragrafen. In de door Prof. ZEEMAN bewerkte publicatie 
voor Philosophical Magazine zijn clan ook beide mededeelingcri 
achter elkander afgedrukt en in verband daarmede is toen 
de slotzin van 11 ecnigszins ge\vijzigd vertaald. Het seheen 
ons ecliter van belang de historische toedracht juist te laten 
uitkomen en in hqi Ncderlandscli beide deelen der verhande- 
ling gescheiden te honden. 

*) p. 13. In de noot is de tekst van Phil. Mag. gevolgd. 

*) p. 19. Voor cleze plaats geldt Prof. ZEEMAN 's noot in 
verhandeling II dezer verzameling, p. 97. 



I. ON THE INFLUENCE OP MAGNETISM 
ON THE NATURE OF THE LIGHT 
EMITTED BY A SUBSTANCE 



EVERAL YEARS AGO, IN THE COURSE 
v of my measurements concerning the KERR 
phenomenon, it occurred to me whether the light 
of a flame if submitted to the action of magnetism 
would perhaps undergo any change. The train of 
reasoning by which I attempted to illustrate to 
myself the possibility of this is of minor importance 
at present l ) t at any rate I was induced thereby to 
try the experiment. With an extemporized appar- 
atus the spectrum of a flame, coloured with 
sodium, placed between the poles of a RUHMKORFF 
electromagnet, was looked at. The result was 
negative. Probably I should not have tried this 
experiment again so soon had not my attention 
been drawn some two years ago to the following 
quotation from MAXWELL'S sketch of FARADAY'S 
life. Here (MAXWELL, 'Collected Works', II, 
p. 790) we read: " Before we describe this result 
we may mention that in 1862 he made the relation 
between magnetism and light the subject of his 
very -last experimental work. He endeavoured, but 
in vain, to detect any change in. the lines of the 
spectrum of a flame when the flame Avas acted on 
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by a powerful magnet". If a FAKADAY 1 ) thought 
of the possibility of the above-mentioned relation, 
perhaps it might be vet worth while to try the 
experiment again with the excellent auxiliaries of 
spectroscopy of the present time, as I am not aware 
that it has been done by others 2 ). I will take the 
liberty of stating briefly to the readers of the 
Philosophical Magazine the results I have obtained 
up till now. 

2. The electromagnet used was one made by 
RUHMKORFF and of medium size. The magnetizing 
current furnished by accumulators was in most of 
the cases 27 amperes, and could be raised to 
35 amperes. The light used was analysed by a 
Rowland grating, with a radius of 10 ft., and with 
14,438 lines per inch. The first spectrum was 
used, and observed with a micrometer eyepiece 
with a vertical cross-wire. An accurately adjust- 
able slit is placed near the source of liglit under 
the influence of magnetism. 

3. Between the paraboloidal poles of an electro- 
magnet, the middle part of the flame from a 
Bunsen burner was placed. A piece of asbestos 
impregnated with common salt was put in the 
flame in such a manner that the two ZMiries were 
seen as narrow and sharply defined lines on. the 
dark ground. The distance between the poles was 



ciuoui < miii. xi me ciuieiiL was pui on, me two 
D-lin.es were distinctly widened. If the current 
was cut off they returned to their original position. 
The appearing and disappearing of the widening 
was simultaneous with the putting on and off of 
the current. The experiment could be repeated an 
indefinite number of times. 

4. The flame of the BTJNSEN was next inter- 
changed with a flame of coal-gas fed with oxygen. 
In the same manner as in 3, asbestos soaked with 
common salt was introduced into the flame. It 
ascended vertically between the poles. If the 
current was put on again the P-lines were widened, 
becoming perhaps three or four times their former 
width. 

5. "With the red lines of lithium, used as 
carbonate, wholly analogous phenomena were 
observed. 

6. Possibly the observed phenomenon ( 3, 4, 5) 
will be regarded as nothing of any consequence. 
One may reason in this manner: widening of the 
lines of the spectrum of an incandescent vapour 
is caused by increasing the density of the radiating 
substance and by increasing the temperature 1 ). 
Now, under the influence of the magnet, the outline 
of the flame is undoubtedly changed (as is easily 
seen) hence the temperature and possibly also the 



x ) Cf., however, also PRINGSHEIM (Wiccl. Ann. xlv. p. 457, 
1892). 
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density of the vapour is changed. Hence one might 
be inclined to account in this manner for the 
phenomenon. 

7. Another experiment is not so easily explained. 
A tube of porcelain, glazed inside and outside, is 
placed horizontally between the poles with its axis 
perpendicular to the line joining the poles. The 
inner diameter of the tube is 18 mm., the outer 
one 22 mm. The length of the tube is 15 cm. 
Caps are screwed on at each end of the tube 1 ) ; 
these caps are closed by plates of parallel glass at 
one end, and are surrounded by little water-jackets. 
In this manner, by means of a current of water, 
the copper caps and the glass plates may be kept 
sufficiently cool while the porcelain tube is rendered 
incandescent. In the neighbourhood of the glass 
plates, side-tubes provided with taps are fastened 
to the copper caps. "With a large BUNSEN burner 
the tube could be made incandescent over a length 
of 8 cm. The light of an electric lamp, placed 
sideways at about two metres from the electro- 
magnet, 'in order to avoid disturbing action on the 
arc, was made to pass through the tube by means 
of a metallic mirror. The spectrum of the arc was 
formed by means of the grating. With the 
eyepiece the D -lines are focussecl. This may be 
done very accurately, as in the centre of ft the bright 



D-lines the narrow reversed lines are often seen. 
Now a piece of sodium was introduced into the 
tube. The BITNSFJST flame is ignited and the temper- 
ature begins to rise. A coloured vapour soon 
begins to fill the tube, being at first of a violet, 
then of a blue and green colour, and at last quite 
invisible to the naked eye. The absorption soon 
diminishes as the temperature is increased. The 
absorption is especially great in the neighbourhood 
of the IMines. At last the two dark IMines are 
visible. At this moment the poles of the electro- 
magnet are pushed close to the tube, their distance 
now being about 24 mm. The absorption-lines now 
are rather sharp over the greater part of their 
length. At the top they are thicker, where the 
spectrum of the lower, denser vapours was observed. 
Immediately after the closing of the current the 
lines widen and are seemingly blacker; if the 
current is cut off they immediately recover their 
initial sharpness. The experiment could be repeated 
several times, till all the sodium had disappeared. 
The disappearance of the sodium is chiefly to be 
attributed to the chemical action between it and 
the glazing of the tube. For further experiments 
therefore unglazed tubes were used. 

8. One may perhaps try to account for the last 
experiment (7) in this direction: It is true that 
the tube used was not of the same temperature at 
the top and at the bottom ; further, it appears from 
the shape of the ZMin.es ( 7) that the density 

i 
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of the vapour of sodium is different at dif- 
fer c] it heights. Hence certainly convection-currents 
caused by difference of temperature between the 
top and bottom were present. Under certain 
plausible suppositions one may calculate that, by 
the putting on of the electromagnet, differences of 
pressure are originated in the tube of the same 
order of magnitude as those caused by the dif- 
ference of temperature. Hence the magnetization 
will push e. g. the denser layer at the bottom in the 
direction of the axis of the tube. The lines become 
widened. For their width at a given height is 
chiefly determined by the number of incandescent 
particles at that height in the direction of the axis 
of the tube. Although this explanation still leaves 
some difficulties, certainly something may be said 
for it. 

9. The explanation of the widening of the lines 
attempted in 8 is 110 longer applicable to the 
following variation, of the experiment, in which an 
unglazed tube is used. The inner diameter of the 
tube, about 1 mm. thick, was 10 mm. The poles of 
the electromagnet could be moved till the distance 
was 14 mm. The tube now was heated by means 
of the blowpipe instead of with the BUNSEN burner, 
and became in the middle part white hot. The 
blowpipe and the smaller diameter of the tube 
make it easier to bring the upper and lower parts 
to the same temperature. This is now higher than 

li/--P/-\v/i (& ^ 7^ mnr\ 4-l^t n c* /% r\ 4 T TWI 1ino Y>IYV> QTn trial T~k1 /} 
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continuously l ). One now can wait till the density 
of the sodium vapour is the same at various heights. 
By rotating the tube continuously round its axis I 
have still further promoted this. The absorption- 
lines now are equally broad from the top to the 
bottom. When the electromagnet was put on, the 
absorption-lines immediately widened along their 
whole length. Now the explanation in the manner 
of 8 fails. 

10. I should like to have studied the influence 
of magnetism on the spectrum of a solid. Oxide 
of erbium, has, as was found by BTTNSEN or BAHR, 
the remarkable property of giving by incandescence 
a spectrum with bright lines. With the dispersion 
used, however, the edges of these lines were too 
indistinct to serve my purpose. 

11. The different experiments from 3 to 9 
make it more and more probable that the absorp- 
tion- and hence also the emission-lines of an 
incandescent vapour are widened by the action of 
magnetism. Now if this is really the case, then 
by the action, of magnetism on the free vibrations 
of the atoms, which are the cause of the line- 
spectrum, other vibrations of changed period must 
be superposed. That it is really inevitable to admit 
this specific action of magnetism is proved, I think, 
by the rest of the present paper. 

12. From the representation I had formed to 



myself of the nature of the forces acting in the 
magnetic field 011 the atoms, it seemed to me to 
follow that with a band-spectrum and with external 
magnetic forces the phenomenon I had found with 
a line-spectrum would not occur. 

It is, however, very probable that the difference 
between a band- and a line-spectrum is not of a 
quantitative but of a qualitative kind 1 ). In the case 
of a band-spectrum the molecules are complicated, 
in the case of a line-spectrum the widely separated 
molecules contain but a few atoms. Further invest- 
igation has shown that the representation I had 
formed of the cause of the widening in the case 
of a line-spectrum in the main was really true. 

13. A glass tube, closed at both ends by glass 
plates with parallel faces and containing a piece 
of iodine, was placed between the poles of the 
RUHMICOKFF electromagnet in the same manner as 
the tube of porcelain in 7. A small flame under 
the tube vaporized the iodine, the violet vapour 
filling the tube. 

By means of electric light the absorption- 
spectrum could be examined. As the temperature 
is low this is the band-spectrum. With the high 
dispersion used, there are seen in the bands a very 
great number of fine dark lines. If the current 
round the magnet is closed, no change in the dark 
lines is observed, which is contrary to the result 
of the experiments with sodium vapour. 

x ) KAYSER in WINKELMANN 's Handbuch, II 1, p. 421. 
I 
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The absence of the phenomenon in this case sup- 
ports the explanation, that even in the first experi- 
ment, with sodium vapour (7), the convection- 
currents had no influence. For in the case now 
considered, the convection-currents originated 
by magnetism, which I believed to be possible in 
that case, apparently are insufficient to cause a 
change of the spectrum: yet, though I could not 
see it in the appearance of the absorption-lines 
(cf. 7), the band-spectrum is, like the line- 
spectrum, very sensible to changes of density and 
of temperature. 

14. Although the means at my disposal did not 
enable me to execute more than a preliminary ap- 
proximate measurement, I yet thought it of 
importance to determine approximately the value 
of the magnetic change of the period. 

The widening of the sodium lines to both sides 
amounted to about 1 / 40 of the distance between the 
said lines, the intensity of the magnetic field being 
about 10 4 C.GKS. units. Hence follows a positive 
and negative magnetic change of VAOOOO ^ the 
period. 

15. The train of reasoning mentioned in (1), by 
which I was induced to search after an influence 
of magnetism, was at first the following : If the 
hypothesis is true that in a magnetic field a rotatory 
motion of the aether is going on, the axis of rotation 
being in the direction of the magnetic forces 
(KELVIN and MAXWELL), and if the radiation of 

I 



light may be imagined as caused by the motion of 
the atoms, relative to the centre of mass of the 
molecule, revolving in all kinds of orbits, suppose 
for simplicity circles; then the period, or, what 
comes to the same, the time of describing the circum- 
ference of these circles, will be determined by the 
forces acting between the atoms, and then deviations 
of the period to both sides will occur through the 
influence of the perturbing forces between aether 
and atoms. The sign of the deviation of course 
will be determined by the direction of motion^ as 
seen from along the lines of force. The deviation 
will be the greater the nearer the plane of the circle 
approximates to a position perpendicular to the 
lines "of force. 

16. Somewhat later I elucidated the subject by 
representing to myself the influence exorcised on 
the period of a vibrating system if this is linked 
together with another in rapid rotatory motion. 
Lord KELVIN (now 40 years ago 1 ) gave the 
solution of the following problem: Let the two 
ends of a cord of any length be attached to two 
points at the ends of a horizontal arm made to. rotate 
round a vertical axis through its middle point at 
a constant angular velocity, and let a second cord 
bearing a material point be attached to the middle 
of the first cord. The motion now is investigated 
in " the case when the point is infinitely little 

a ) Proc. Roy. Soc. 1856. : 
I 
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disturbed from its position of equilibrium. With 
great angular velocity the solution becomes rather 
simple. Circular vibrations of the point in contrary 
directions have slightly different periods. If for 
the double pendulum we substitute a luminiferous 
atom, and for the rotating arm the rotational motion 
about the magnetic lines of force, the relation of 
the mechanical problem to our case will be clear. 

It need not be proved that the above-mentioned 
considerations are at most of any value as indica- 
tions of somewhat analogous cases. I communicate 
them, however, because they were the first motive 
of my experiments. 

17. A real explanation of the magnetic change 
of the period seemed to me to follow from Prof. 
LORENTZ'S theory 1 ). 

In this theory it is assumed that in all bodies 
small, electrically charged particles with a definite 
mass are present, that all electric phenomena are 
dependent upon the configuration and motion of 
these "ions", and that light-vibrations are vibra- 
tions of these ions. Then the charge, configuration, 
and motion of the ions completely determine the 
state of the aether. The said ion, moving in a 
magnetic field, experiences mechanical forces of the 
kind above mentioned, and these must explain the 
variation 'of the period. Prof. LOBENTZ, to whom 



a ) LORENTZ, La Theorie electromagnetiqiic de MAXWELL. 
Leydc, 1892; and Vcrsuch einer Theorie der clcctrisehen mid 
optischen Ersdiciiumgcn in bewegten Kb'rpcrn. Leiden, 1895. 



I communicated these considerations, at once kindly 
informed me of the manner in which, according to 
his theory, the motion of an ion in a magnetic field 
is to be calculated, and pointed out to me that, if 
the explanation following from his theory be true, 
the edges of the lines of the spectrum ought to be 
circularly polarized. The amount of widening 
might then be used to determine the ratio between 
charge and mass, to be attributed in this theory to 
a particle giving out the vibrations of light. 

The above-mentioned extremely remarkable con- 
clusion of Prof. LOKENTZ relating to the state of 
polarization in the magnetically widened lines I 
have found to be fully confirmed by experiment 
( 20). 

18. We shall now proceed to establish the 
equations of motion of a vibrating ion, when it is 
moving in the plane of (x,y} in a uniform 
magnetic field in which the magnetic force is every- 
where parallel to the axis of z and equal to //. The 
axes are chosen so that if x is drawn to the east, 
y to the north, & is upwards. Let e be the charge (in 
electromagnetic measure) of the positively charged 
ion, m its mass. The equations of motion then are : 

,dy 



-~ ' c x 

dt 

dx 
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The first term of the second member expresses 
the elastic force drawing back the ion to its 
position of equilibrium; the second term gives the 
mechanical force due to the magnetic field. They 
are satisfied by 

x = a, e st 

y== (3e st 
provided that 

= -&* + . ^ 



(2) 



where m, k, e are to be regarded as known 
quantities. 

For us the period T is particularly interesting. 
If 21 = 0, it follows from (3) that 



. 7c . 2 TT 

S, n _ - rt _ _ 

V 1 y - V 

Vm T 



or 



- k 

If H is not 0, it follows from (3) approximately 

that 

. 7c /, _ eH \ 
s - % i \ _i_ I 

Vm \ '2k Vm) 
Putting T' for the period in this case, we have 



k 

Hence the ratio of the change of period to the 
original period becomes 



A particular solution of (1) is that representing 
the motion of the ions in circles. If revolving in 
the positive direction (viz., in the direction of the 
hands of a watch for an observer standing at the 
side towards which the lines of force are running) 
the period is somewhat less than if revolving in the 
negative direction. The period in the first case is 
determined "by the value of (5) with the minus sign, 
in the second 'with the plus. : 

The general solution of (1) shows that the ions 
describe, besides circles, also slowly rotating ellip- 
tical orbits. In the general case, the original motion 
of the iori having an 'arbitrary position in space, it 
is perfectly "clear that the projection of the motion 
in the plane of (x, y} has the same character. The 
motion resolved in the direction' of the axis of s 
is a simple harmonic motion, independent of and; 
not disturbing the one in the plane of (x, y] , and 
hence one not influenced by the magnetic forces. 
Of course, the consideration of the motion of an 
ion now given is only to be regarded as the very 
first sketch of the theory of luniiniferous motions. 

19. Imagine an observer looking at a flame 
placed in a magnetic field in a direction such that 
the lines of force run towards, or from him. 

Let us suppose that th'e said observer could see 
the very ions of. 18 as they are revolving; then 
the following will be remarked : There ..are some 
ions moving in circles and hence emitting circularly 
polarized ^ light ; if the motion is round in the 
I 



positive direction the period will, for instance, be 
longer than with no magnetic field; if in the 
negative direction, shorter. There will also be ions 
seemingly stationary and really moving parallel to 
the lines of force with unaltered period. In the 
third place there are ions which seem to move in 
rotating elliptical orbits. 

If one desires to know the state of the aether 
originated by the moving ions one may use the 
following rule, deduced by Prof. LORENTZ from the 
general theory : Let us suppose that in a molecule 
an ion P of which the position of equilibrium 
is P has two or more motions at the same time, 
viz. let the vector P P always be obtained by adding 
the vectors P P which should occur in each of the 
component motions at that moment ; then the state 
in the aether at a very great distance in comparison 
with P P will be obtained by superposing the states 
which would occur in the two cases taken separately. 

Hence it follows in the first place that a circular 
motion of an ion gives circularly polarized light to 
points on the axis of the circle. 

Further, one may choose instead of the above 
considered elliptical orbits a resolution more suited 
to our purpose. One may resolve the motion of 
the ion, existing before the putting on of the 
magnetic force, into a rectilinear harmonic motion 
parallel to the axis of z and two circular (right- 
handed and left-handed) motions in the plane 
of 0. 
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The first remains unchanged under the influence 
of the magnetic force, the periods of the last are 
changed. 

By the action of the grating the vibrations 
originated by the motion of the ions are sorted 
according to the period, and hence the complete 
motion is broken up into three groups. The line 
will be a triplet. At any rate one may expect that 
the line of the spectrum will be wider than in the 
absence of the magnetic field, and that the edges 
will give out circularly-polarized light 1 ). 

20. A confirmation of the last conclusion may 
be certainly taken as a confirmation of the guiding 
idea of Prof. LORENTZ'S theory. To decide this 
point by experiment, the electromagnet of 2, but 
now with pierced poles, was placed so that the axes 
of the holes were in the same straight line with 
the centre of the grating. The sodium lines were 
observed with an eyepiece with a vertical cross- 
wire. Between the grating and the eyepiece were 
placed the quarter-undulation plate and nicol which 
I formerly used in my investigation of the light 
normally reflected from a polarly magnetized iron 
mirror 2 ). 
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The plate and the nicol were placed relatively 
in such a manner that right-handed circularly 
polarized light was quenched. Now according to 
the preceding the widened line must at one edge be 
right-handed circularly-polarized, at the other edge 
left-handed. By a rotation of the analyser over 
90 the light that was first extinguished will be 
transmitted, and vice versa. Or, if first the right 
edge of the line is visible in the apparatus, a reversal 
of the direction of the current makes the left edge 
visible. The cross-wire of the eyepiece was set in 
the bright line. At the reversal of the current the 
visible line moved! This experiment could be 
repeated any number of times. 

21. A small variation of the preceding exper- 
iment is the following. With unchanged position 
of the quarter-wave plate the analyser is turned 
round. The widened line is then, during one revol- 
ution, twice wide and twice fine. 

22. The electromagnet was turned 90 in a 
horizontal plane from the position of 20, the lines 
of force now being perpendicular to the line joining 
the slit with the grating. The edges of the widened 
line now appeared to be plane polarized, at least in 
so far as the present apparatus permitted to see, 
the plane of polarization being perpendicular to the 
line of the spectrum. This phenomenon is at once 
evident from the consideration 19. The circular 
orbits of the ions being perpendicular to the lines 
of force are now seen on their edges. 
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23. The experiments 20 to 22 may be regarded 
as a proof that the light-vibrations are caused by 
the motion of ions, as introduced by Prof. LOEENTZ 
in his theory of electricity. From the measured 
widening ( 14) by means of relation (6), the ratio 
e/m may now be deduced. It thus appears 'that 
e/m is of the order of magnitude 10 7 electro- 
magnetic 0. GK S. units. Of course this result from 
theory is only to be considered as a first ap- 
proximation. 

24. It may be deduced from the experiment of 
20 whether the positive or the negative ion 
revolves. 

If the lines of force were running towards the, 
grating, the right-handed circularly-polarized rays 
appeared to have the smaller period. Hence in 
connexion with 18 it follows that the positive *) 
ions revolve, or at least describe the greater orbit. 

25. Now that the magnetization of the lines of 
a spectrum can be interpreted in the light of the 
theory of Prof. LOEENTZ, the further consideration 
of it becomes specially attractive. A series of 
further questions already present themselves. It 
seems very promising to investigate the motion of 
the ions for various substances, under varying 
circumstances of temperature and pressure, with 
varying intensities of the magnetization. Further 



*) An asterisk refers throughout to remarks by the editors 
to he found at the end of each paper. 



inquiry must also decide as to how far the strong 
magnetic forces existing according to some at the 
surface of the sun may change its spectrum. ; 
The experiments described have been made in 
the Physical Laboratory -at Leyden, to the Director 
of which, Prof. 'KAMEELTNGH CNISIES, I am under 
great obligations for continuous interest in the 
present subject. 

Amsterdam, Jan. 1897. 

APPENDIX 

Since the publication of my original paper in the 
Proceedings of the Academy at Amsterdam, and 
while the present paper was in the press, I have 
become acquainted ; with two attempts, till now un- 
known to me, in the same direction, and also 
with the original account of FARADAY'S experiment 
referred to in 1. The last is to be found in 
FARADAY'S 'Life' by Dr. BENCE JONES, vol. ii. p. 449 
(1870), and as it is extremely remarkable. I will 
reprint it here: 

"1862 was the last year of experimental research. 
STEINHEIL'S apparatus for producing the spectrum 
of different substances gave a new method by which 
the, action of magnetic poles upon light could be 
tried. In January he made himself familiar with 
the apparatus, and then he tried the action of the 
great magnet on the spectrum of chloride of sodium, 
chloride of , barium, chloride of strontium, and 

chloride of lithium". 

i 
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On March 12 he writes: "Apparatus as' on last 
day (January 28), but only ten pairs of voltaic 
battery for the electromagnet. 

"The colourless gas-flame ascended between the 
poles of the magnet, and the salts of sodium, lithium, 
&c. were used to give colour. A NICOL'S polarizer 
was placed just before the intense magnetic field, 
and an analyser at the other extreme of the ap- 
paratus. Then the electromagnet was made, and 
unmade, but not the slightest trace of effect on or 
change in the lines in the spectrum was observed 
in 'any position of polarizer or analyser. 

"Two other pierced poles were adjusted at the 
magnet, the coloured flame established between 
them, and only that ray taken up by the optic ap- 
paratus which came to it along the axis of the poles, 
i. e. in the magnetic axis, or line of magnetic force. 
Then the electromagnet was excited and rendered 
neutral, but not the slightest effect on the polarized 
or unpolarized ray was observed". 

"This was the last experimental research that 
FARADAY made". 

In 1875 we have a paper by Prof. TAIT, who has 
kindly sent me a copy, "On a Possible Influence 
of Magnetism on the Absorption of Light, and some 
correlated subjects" (Proc. Hoy. Soc. of Edin- 
burgh, Session 187576, p. 118). Prof. TAIT 
remarks that a paper by Professor FORBES, read at 
the Society, and some remarks upon it by MAXWELL, 
have recalled to him an experiment tried by him 
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several times, but which hitherto has led to no result. 
Then the paper proceeds: 

"The idea is briefly this. The explanation of 
FARADAY'S rotation of the plane of polarization of 
light by a transparent diamagnetic requires, as 
shown by THOMSON, molecular rotation of the 
luminiferous medium. The plane-polarized ray is 
broken up, while in the medium, into its circularly- 
polarized components, one of which rotates with the 
aether so as to have its period accelerated, the other 
against it in a retarded period. Now, .suppose the 
medium to absorb one definite wave-length only, 
then if the absorption is not interfered with by 
the magnetic action the portion absorbed in one 
ray Avill be of a shorter, in the other of a longer, 
period than if there had been no magnetic force; 
and thus, what was originally a single dark absorp- 
tion line might become a double line, the components 
being less dark than the single one." 

Hence here the idea is perfectly clearly expressed 
of the experiment, tried in vain; an idea closely 
akin to that of 15 above, both being in fact founded 
on KELVIN'S theory of the molecular rotation of the 
luminiferous medium, though not directly ap- 
plicable to the experiment of 9, in which case the 
lines of magnetic force are perpendicular to the axis 
of the tube. 

In the second place I have to mention two papers 
by the late M. PIEVEZ, to which attention has been 
drawn bv M. VAN AITBEL, in a letter to Prof. ONNES 



and intended for communication to the Academy 
of Sciences, Amsterdam. Prof. ONNES read the 
letter at the January meeting, and made at the same 
time some explanatory remarks of which in the 
following I make free and extensive use. The papers 
referred to are: M. FIEVEZ, "Be I'lnfluence du 
Magiietisme sur les caracteres des Eaies spec- 
trales" (Bulletin de I'Acad. des Sciences de Bel- 
gique, 3 G serie, tome ix, p. 381, 1885) ; and FIEVEZ, 
"Essai sur 1'Origine des Raies de FRATINHOFER, en 
rapport avec la Constitution du Soleil" (I.e. 3 e serie, 
tome xii. p. 30, 1886). Here experiments are des- 
cribed as in 4 and 13 of the present paper. 
Nothing, however, is observed about the widening 
of the absorption-lines, nor about the polarization 
of the emitted light. The results obtained by M. 
FIEVEZ merit careful attention and consideration. 
He has observed with a flame in a magnetic field 
not only widening but reversal and double reversal 
of the lines of the spectrum, the lines at the same 
time becoming more brilliant. Unfortunately quan- 
titative details are not given. The facts observed 
in. some cases by FIEVEZ are qualitatively not in 
accordance with my observations or what is to be 
deduced from my results. Hence even in the cases 
where the results are qualitatively in accordance, 
the question, remains whether FIEVEZ has observed 
the same phenomenon. The field used by FIEVEZ 
seems to have been more intense than the one I had 
at my disposal. Is it possible perhaps to account 
I 



in tnis manner lor tne double renversement (c est- 
a-dire 1 'apparition d'une rale brillante au millieu 
de la raie noire elargie) ' ? 1 I think the answer must 
be in the negative. For, arguing from 19, a line 
must widen, ' or else, the field being very intense, 
become a triplet. We cannot but understand from 
FIEVEZ 's description of the experiment that the 
light was emitted perpendicular to the lines of force. 
Now the double reversed line of FIEVEZ is not the 
triplet to be expected from theory, for it is expressly 
stated by FIEVEZ that the' line experimented upon 
is not the simple line of the spectrum, but one 
previously widened and reversed (by some agency 
independent of magnetism). By the action of 
magnetism a brilliant line in the centre of the black 
line appears. Hence perhaps one may interpret 
the case of double reversal as a direct action of 
magnetism, but then only as a doubling of the 
absorption-line and not as a division of the original 
line into three parts. As the application of 
LORENTZ'S theory given in 18 is confessedly only 
a very first sketch, further theoretical and experi- 
mental evidence is wanted before we are able to 
decide whether in the experiment of FIEVEZ a 
specific action of magnetism on light or perturbing 
circumstances have been prevalent. Indeed one may 
make the same objection to M. FIEVEZ 's experiment 
as I myself have made to my own analogous experi- 
ment in 6. 

The whole of the phenomena observed by FIEVEZ 

i 



can readily be attributed to a change of temper- 
ature by the well-known actions of the field upon 
the flame (change in its direction, or outline, magne- 
tic convection, &c.) ; and the last sentence of his 
paper states that "les phenomenes qui se manifes- 
tent sous 1'action du magnetisme sont identiquement 
les monies que ceux produits par une elevation de 
temperature". The negative result obtained by 
FIEVEZ with absorption-spectra would without fur- 
ther consideration (as in 12) point in the same 
direction. The inference to be drawn from FIEVEZ 7 s 
experiments alone would rather be, I think, that 
the temperature of the flame is changed in his 
experiments than that a specific action of magne- 
tism on the emission and absorption of light exists. 
By experiments already in progress I hope to settle 
the dubious points. 

Summarizing we may say : Had the experiments 
of FIEVEZ come to my knowledge they would have 
been a motive for me to further investigation, 
FIEVEZ not having prosecuted his inquiry up to a 
decisive result. At least at present it remains even 
doubtful whether the phenomenon observed by 
FIEVEZ with a magnetized flame is really to be 
attributed to the specific action of the magnetic 
'field on the period of the vibrations of light, which 
I have found and undoubtedly proved by the experi- 
mental confirmation of LORENTZ'S predictions. 

Amsterdam, February 1897. 
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This paper (without the Appendix) was published originally 
in : Zittingsverslagen der Kon. Akademie van Wetenschappen 
te Amsterdam, October 31st an d November 28th 1396. English 
translations that differ only slightly from each other have 
been given together with the Appendix in: Conuminications 
from the Physical Laboratory at the University of 'Leiden 
33 and 36, Philosophical Magazine (5) XLIII (March 1897) 
pp. 226 237 (from which the paper has been reprinted here) 
and Astrophysical Journal V (1897) pp. 332347. 

*) p. 38. As regards this statement see Prof. ZEEMAN'S note 
to paper of this collection p. 97. 



I. DE L'INFLUENCE D'UN CHAMP MA- 
GNETIQUE SUR LA LUMIERE EMISE 
PAR UN CORPS 

IL Y A QUELQUES A'NNEES, DES' MESTJ-- 
res relatives au phenomene de KERB m'ont 
conduit a 1'idee qu'un champ magnetique pourrait 
changer la lumiere emise par une flamme, et 
m'ont sollicite a en faire Inexperience. Au moyen 
d'une installation provisoire j'ai observe le spec- 
tre d'une flamme de sodium, placee entre les 
poles d'un electro-aimant de BUIDMICOKFF. Le resul- 
tat fut negatif. Je lie serais probablement pas 
revenu de sitot sur cette experience, si je n'etais 
pas tombe il y a deux ans sur le passage suivant 
d'une notice de MAXWELL sur EAKADAY (MAXWELL 
Collected Works II p. 790) : ,,Before we describe 
this result we may mention that in 1862 he made 
the relation between magnetism and light the 
subject of his very last experimental work. He 
endeavoured, but in vain, to detect any change in 
the lines of the spectrum of a flame when the flame 
was acted on by a powerful magnet''. Si un 
FARADAY *) a songe a la possibilite de cette relation, 
il n'etait peut-etre pas inutile de reprendre 1'expe- 



1 ) Voir dans 1'appendice la description dc cette experience 
dans les term.es memes employes par FARADAY. 



rienee, qui, je ponse, n'a pas etc rofaito jiisqu'ioi 1 ). 
en prol'itant des moyens aotuels do I 'analyse 
speetrale. Qu'il me soit permis d'exposer ici les 
resul tats do mes roclierches. 

2. Jo me suis sorvi d'un elect ro-aimant do 
RuHMKOKKb 1 do inoycnnc dimension. Le c-ourant 
etait produit par uno batterie d'accumulateurs et 
atteigiwit la phus sou vent 27 ampoj'cs, maia pouvait 
etre pousso a 35. La lumiere do la source lumineuse 
etait analysee par un reseau do ROWLAND, d'uno 
ooiirburo de 10 piods anglais do rayon, ot do .14438 
traits par jxmco. J 'observai lo pec.tr(i priinairo a 
Taido (rune, loupe* do FHKWNKU Uno fonto facile 
a changer 1'ut placee tout pros do Ja sonrc.o lumi- 
neuso, oxposoe. a Taotion d(^ 1'uimaiit. 

l>. Kntro. It's jmlos paniboloidaux do. l j eloc.tro- 
ainiant passait la partio. moyeiuie d'uue 1'lanuno do 
BI:N.SKN. Un inorcoan d'aslx'ste. impivgno <U^ so.l 
plongojiit dans la i'lamme; los deux raics I), vuos 
a la loupe, so dossinaiont nottos ot linos sur lo fond 
obscui 1 . La distance dos poll's etait d 'environ 7 mm. 
Sous Pad ion du eourant los deux raios s'elargis- 
saient notablenicnt, e.t revonaiont a lour largour 
primitive apres la rupture. I /action etait install- 
tane.e et pouvait oti'o obst^rvee aussi souvent qu'on 
le desirait. 

4. rJ 'ai reiuplaee le, bi-fdeur do JUrNSKN par une 

l:nnnc nv v- li v< I rinin* (!immu JUl v*\ !' flr. I 'Jilwf.n 
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imbibee de sel plongeait dans la flamme, qui 
s'elevait verticalement eiitre les deux poles. Apres 
fermeture du courant les rales s'elargissaient 
encore, jusqu'a prendre 2 a 3 fois leur largeur 
primitive. 

5. La ligiie rouge du lithium, employe sous 
forme de carbonate, presenta des phenomenes en 
tons points analogues. 

6. Peut-etre ne verra-t-oii dans ce phenomene 
(3, 4, 5) rieii de bien particulier. On pent, en effet, 
raisonner de la facon. suivante: 1'elargissement des 
raies d'un gaz incandescent provient d'une augmen- 
tation de temperature 1 ). Or, sans doute, raimaii- 
tation modifie la forme cle la flamme (comme on 
X>eut le voir directement) done aussi sa tempera- 
ture. On serait done teiite de voir la toute 1 'expli- 
cation du phenomene. 

7. II ne parait toutefois pas aussi simple 
d'expliquer une autre experience. Un tube de 
porcelaiiie, emaille a I'inteiieur et a 1'exterieur, fut 
installe horizontalement entre les poles avec 1'axe 
perpendiculaire a la ligne des poles. Le tube avait 
18 mm. de diametre interieur, et une paroi cpaissc 
de 2 mm. sur 15 cm. de longueur. Ce tube 2 ) portait 
a ses extremites des X^GC^S de metal, munies de 
plaques de verre a faces x^aralleles, ct entourees dc 
X)etits refrigerants, dans lesquels x>assait un courant 



a ) Voir ccpendant PRINGSHEIM ("Wiod. Ann. 45, p. 457, 1892). 
2 ) PriiNGSfTErM emi)loya nil tube analogue dans ses rcchcrches 



d'eau froide, qui, alors meme que le tube de porce- 
laine etait incandescent, refroidissait suffisamment 
le metal et les plaques de verre. 

Tout pres des plaques de verre les pieces de 
cuivre portent des tubes lateraux, que des robinets 
peuvent f ermer. 

Une grande flamme de BUNSEN portait le tube a 
rincandescence sur une longueur de 8 cm. La 
lumiere d'une lampe electrique, distaiite de 2 m. de 
1'electro-aimant pour eviter Faction de ce dernier 
sur 1'arc voltaique, etait reflechie par un miroir 
metallique dans le tube, et regue sur un reseau. Le 
spectre ainsi obtenu fut observe a 1'aide d'une loupe 
installee sur les raies D. Cette installation peut se 
faire d'une fagon tres precise, car les raies lumi- 
neuses domieiit par renversement de fines raies 
d 'absorption. Dans ' le tube de porcelaine fut 
introduit un petit fragment de sodium, la lampe 
de BUNSEJST allumee, et le tube chauffe. Bientot 
une vapeur coloree comrnen.c.a a remplir le tube, 
d'abord violctte, puis bleue et verte, et enfin 
invisible a 1'oeil nu. Par 1 'el ovation de la tempera- 
ture la largeur de la region d 'absorption dans le 
spectre diminuait rapidement. Cette absorption 
n 'etait forte que dans le voisinage des raies D, qui 
bientot eleven aicnt visibles. A ce moment les poles 
de 1'electro-aimant fureiit places tout pres du tube, 
leur distance devenant ainsi 24 mm. Les lignes 
d 'absorption etaient maintenant assez nettes sur la 
plus grande partie de leur longueur; a 1'extremite 

I 



inferieure cependant elles s'elargissaient, a cause 
d'une densite plus grande de l a vapeur du sodium 
dans la partie inferieure du -fc-u.be. En fermant le 
courant, j'ai vu les raies devenir immediatement 
plus larges et plus sombres et reprendre immedia- 
tement leur nature primitive apres la rupture. 

L 'experience pent etre repir*l se a volonte jusqu'a 
ce que tout le sodium ait disparu. 

Cette disparitioii du sodiima cloit etre attribuee 
surtout a une action sur 1' email du tube. C'est 
pourquoi dans la suite j 'ai employe des tubes non- 
emailles. 

8. Pour 1'experience (7) on cherchera peut- 
etre une explication dans la voie suivante. Certaine- 
meiit le tube n'avait pas la rrieme temperature en 
haut qu'en bas, et la densite do la vapeur de sodium 
etait iiotablement difference pour differents 
iiiveaux, cornme le prouvait cl.u reste la forme des 
raies D (7). II devait done laecessairemeiit exister 
des eouraiits de convection a, cause des differences 
de temperature entre les divei's niveaux. Moyen- 
nant certaines hypotheses d-'ctilleurs tres logiques 
on trouve que sous Faction cLe 1'aimaiit des diffe- 
rences de pression doivent pa?endre naissance dans 
le tube, differences du merne ordre cle grandeur 
que celles qui resulteiit cLe la difference de 
temperature. 

CTcst ainsi que les couches inferieures les plus 
denses p. ex. doivent etre :t?tpprochees du centre 
du tube, ce qui tend a eletxgir les raies. Leur 
I 
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largeur en mi point depend en effet surtout du 
nombre de particules incandeseentes sur 1'axe pas- 
sant par ce point. Bien que cette explication ne 
soit pas exempte de dif ficultes, elle est cependant 
admissible. 

9. Oette explication (8) ne pent toutefois plus 
s'appliquer a la modification suivante de 1 'expe- 
rience, faite avec un tube non omaille, dont le dia- 
xnetre interieur etait de 10 mm. ct la paroi epaisse 
de 1 mm. au moins. La distance des poles poiivait 
etre reduite a 14 mm. Le tube fut cliauf fe au rouge 
cclatant au moycn d'un chalumoau. L'emploi d'un 
clialumeau et d'un tube; plus 6tro.it avait cot 
a vantage qu'il etait plus facile d'obtenir a tons los 
niveaux la mome toinpcraturo. Ootto tomporatu.ro 
etait plus elevee quo dans rexperience (7) et les 
raies 1) restaient constammoiit visibk^s ""). J 'ai 
atte.ndu jusqu'a ce quo la densite do. la vapour fut 
dovonue partout la indnio, I'esultat auqucO. ,jo uis 
memo arrive plus vite en tournant coiitimiellxyment 
le, tube; le.s raies d 'absorption etaient inaintonaiit 
pai'tout ogalomoiit largos. En faisaiit fonctiomuvr 
l'61o.tro-aiinant ;j'ai. vu les :rai(^s s'olargir sur toutt^ 
lour longuour. 

10. J'aurais volontiors etudie 1'iirl'luence d'inie 
ai inantation sur lt^ spe,( j ,tre d'un corps solido. 



persioii cLont je me servais, ces lignes n etaient 
toutef ois pas assez nettes. 

11. Ces experiences 3 a 9 out rendu de plus en 
plus probable que les forces magrtetiqu.es tendent a 
elargir les raies d 'emission, done aussi d 'absorption 
d'une substance gazeuse. S'il en est ainsi, il faut 
que sous 1 'influence cl'un champ magnetique, a cote 
des vibrations atomiques qui produisent le spectre 
ordinaire, prennent naissance des vibrations avec 
d'autres periodes. Je pense que la suite de la 
presente notice prouve suffisamnient qu'il existe 
reellement une action specifique du magnetisme. 

12. D'apres 1'idee que je me suis faite de la 
nature des forces qui, dans un champ magnetique, 
agissent sur les atonies, il me semblait que pour un 
spectre a bandes d'absorption je n'observerais plus 
le phenomene que je venais de trouver pour un 
spectre a raies. 

II est en effet tres probable que la difference 
entre ees deux espeees de spectres n'est pas seule- 
ment quantitative, mais qualitative 1 ). Un spectre 
a bandes est produit par des molecules complexes; 
un spectre a raies par des molecules avec un petit 
nombre d 'atonies, et dissociees. La suite de mcs 
recherches a fait voir que 1'idee que je me suis faite 
sur la cause de I'elargissement des raies etait exacte 
en principe. 

a ) KAYSER dans le Handbueli de WIKKKLMANN II, 1, p. 421. 
I 



13. Un tube de verre, ferme par des plaques de 
verre a faces paralleles, a ete installe entre les poles 
de Faimant RUHMTCORFP, tout comme le tube de 
porcelaine du 1. Une petite flamme d'mi bee de 
gaz cliauffait de 1'iocle enferme dans le tube qui se 
remplissait d'uiie vapeur violette. 

Le spectre d 'absorption fut observe a la lumiere 
electrique; e 'etait un spectre a bancles, eu egard a 
la basse temperature. La dispersion etait si forte 
que dans les bandes on voyait plusieurs raies fines 
et obscures. En actionnant Faimant je ne voyais, 
en. contradiction avec les experiences an moyen de 
sodium, aucun changement dans lea raies obscures. 

L 'absence du phenomene prouve que meme dans 
la premiere experience avec la vapeur de sodium 
(7) les courants de convection etaient sans 
influence. Ces courants, produits par Faimanta- 
tion, qui pouvaient exister aussi dans le cas present, 
etaient evidemment insuffisants pour produire un 
changemcnt dans le spectre; et bien que je n'en 
pouvais lien voir a la forme des raies d 'absorption 
(voir 7), les baiides spectralcs etaient cependant 
tres seiisibles aux changemeiits de densite et de 
temperature. 

14. Bien que les ressources dont je disposals ne 
me permettaient pas de faire autre chose qu'une 
mcsure grossiere, il me paraissait pourtant interes- 
sant de determiner approximativement la grandeur 
de la variation magnetique produite dans la duree 
-d'une vibration. L'elargissement des raies D etait, 
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de part et d'autre, a peu pres 1 /4o me de leur distance 
dans un champ magnetique d 'environ 10 4 . Cela 
correspond a un changement positif et negatif 
d 'environ 1 /4oooo me de la duree d'une vibration. 

15. Void quel est 1'ordre des idees qui m'ont 
conduit a chercher s'il est vrai que dans un champ 
magnetique il existe un mouvement rotatoire de 
Tether autour des lignes de force (KELVIN et MAX- 
WELL), et si Ton doit se representer le rayonnement 
lumineux comme produit par les mouvements des 
atonies par rapport au centre de gravite des molecu- 
les. Dans ce cas la duree d'une vibration sera deter- 
minee par les forces inter-atomiques, de sorte que 
sous 1 'influence des forces produites par 1'aiman- 
tation entre 1 'ether et les atomes materiels, il pourra 
se produire des ecarts de cette duree normale, dans 
les deux sens. Le signe de 1'ecart sera evidemment 
determine par le sens du mouvement, vu de la direc- 
tion des lignes de force. L'ecart sera d'ailleurs 
d'autant plus grand que le plan de vibration se 
rapprochera davantage d'une position perpendicu- 
laire a ces lignes. 

16. Je me suis fait plus tard une representation 
plus nette du phenomeiie, en songeant a 1 'influence 
que peut avoir sur un systeme en vibration 1'accou- 
plement d'un autre, anime d'un mouvement de 
rotation rapide. II y a une quarantaine d'annees, 
Lord KELVIN a resolu le probleme suivant l ) . Les 



Proc. B. S. 1856, 



55 

extremites (rune, fine corde so lit attaehees aux deux 
exti-emites d'une tige horizontal .e, animee d'une 
rotation uni forme autour d'im axe vertical passant 
par son milieu; une seconde corde, portant un point 
materiel, est attachce au milieu de la premiere. On 
demand e quel cst le mouvemcnt clu point materiel, 
derange de sa position d'cquilibre. Si la vitesse 
angulaire est grande, la solution est assez simple. 
Des mo nven units eirculaires clu point, executes en 
sens eontraire, out des periodes quelqiie pen cliff e- 
rentes. Si. Ton compare le pendule double a un 
atome hi milieux ct le- mouveinent de la tige a la 
rotation autour des lign.es de force magnetiques, le 
resultai de la c.oinparaison est evident. 

11 va de soi que c.es c-onsiderations ne [jresentent 
d'antre interet <[ne de servir d'indication ])our ce 
qni doit se passer da,ns des cas plus on moins 
analogues. Je les cx)inmiini((ne ce])endan.t parce 
(jifelles out constitne le point de depart de mes 
experiences. 

17. La tlieorie, electi'oinagneti(|iie de M. TjOiiENT/ 1 ) 
me seinhlait pjirticulieremeiit proprc^ a donner une 
veritable explication du cliangeinent magnetiquc de 
la du i*('c des vibrations. 

Dans celte tlieorie on adme.t (jne dans tons les corps 
il existe de petites masses eleetrisees, on ,,ions", 
dont les inouvemenls c,onstitnen.t tons l(^s ])ben.o- 



') L(KI-:NTO. Arch. NiVfl. T. XXV; <>1 : ,,\ r ('rsiich CMIUM- Thcone 
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menes electriques ; les vibrations lumineuses seraient 
des vibrations de ces ions. L'etat de Tether est 
determine entierement par la charge, la position 
et le mouvement de ces ions. Sur ces ions, se mou- 
vaiit a tr avers un champ magnetique, agissent des 
forces comnxe celles dont nous venous de parler, et 
qui doivent done aussi pouvoir expliquer uii change- 
ment dans la duree des vibrations. M. LORENTZ, a 
qui j'ai expose mes idees, a eu immediatement la 
bienveillaiice de m'indiquer comment, dans sa 
theorie, on arrive aux equations de mouvement d'un 
ion dans un champ magnetique, et il m'a fait 
remarquer que, d'apres sa theorie, les bords de la 
raie spectrale devaient etre circulairement polarises. 
La grandeur de Pelargissement determinerait meine 
le rapport de la charge a la masse de la particule 
executant les vibrations lumineuses considerees. 

Cette consequence particulierement importante 
de la theorie de M. LOKENTZ, savoir 1'etat de pola- 
risation de la raie spectrale elargie par 1'aimanta- 
tion, je Pai trouvee verifiee par 1'experience ( 20). 

18. Etablissons maintenant les equations de 
mouvement d'un ion, vibrant dans le plan x y, dans 
un champ magnetique homogene, 1'axe des z positifs 
donnant la direction de la force magnetique dont 
1'mtensite est H* Nous choisissons le systeme des 
coordonnees de telle maniere qu'une rotation de 90, 
en sens contraire an mouvement des aiguilles d'une 
montre, et vue des s positifs, fasse coincide!" les x 
positifs avec les y positifs. Solent e la charge 
I 
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(mesure electromagnetique) de 1'ion charge d'elec- 
tricite positive, et m sa masse. Les equations de 
mouvement soiit 



= & 2 x 4- e H 



dy 
dt 



(I)*) 1 ) 



Le premier terme du second membre est la force 
elastique ordinaire, qui tend a rameiier 1'ion vers 
sa position d'equilibre; le second est la force pro- 
veiiant du champ magnetique. 

Nous -satisfaisons a ces relations en posant: 



pourvu que 



Les quaiititcs m, k, e f II soiit des donnees. 
Ce qu'il nous importe de connaitre c'est la periode 
T d'une vibration. Si II = 0, (3) donne 



done 



o - n -- rt 

S ~*J7^ T 9 



tn 



k 



(4) 



*) Cet asterisque, et les suivants, renvoient a des remarques 
des editeurs de cette reimpression ; ces remarques se trouvent 
chaquc fois a la fin du memoire. 

a ) Ces equations sont semblables a celles du pendule de 
FOUCAULT; elles conduisent eVidemment a des resultats ana- 
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Si H n'est pas mil, (3) domie approximativement 
k / eH \ 



s = ^ 



Vm \ 2/cl/ 



w 



et si T' est dans ce cas la duree d'une vibration, 
on a 



de sorte que le rapport du changement de la periods 
a la periode initiale est 

eH * HT (6) 



m 4 TT 

Supposons que les ions se ineiivent en cercles, 
solution parti culiere du systeme (1), le mouvement 
en sens positif (c. a. d. dans le sens des aiguilles 
d'une montre pour im observateur place du cote des 
z positif s) a une periode legerement plus petite que 
celui en sens negatif. Dans le premier cas cette 
periode est determmee par le signe inferieur de 
la valeur (4), dans le second cas par le signe 
superieur. 

La solution geiierale de (1) nous apprend que les 
ions peuyent aussi parcourir des orbites elliptiques, 
dont les axes tournent lentement. 

Dans le cas general oil le mouvement initial de 
1'ion est quelcoiique dans 1'espace, on trouve facile- 
ment que la projection du mouvement sur le plan 
x y garde le" meme caractere. La projection du 
mouvement sur 1'axe des s est une vibration simple 
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ordinaire, qui ne depend pas du monveinent clans 
le plan x y et n'a aiictme influence sur elle, de sorte 
qu'elle ii'est pas influencce par les forces magne- 
tiques. II va cle soi que ces considerations sur le 
mouvement d'un ion ne sont encore qu'une esquisse 
d'ime theorie des mouvoments lumineux. 

19. Figurons-nous un observateur qui regarde 
line flamme placee dans un champ magnctique, de 
tolle maniere que les lignes de force soient dirigees 
vers lui. Si 1 'observateur pouvait suivrc les ions 
( 18) clans lour mouvement il verrait oc qui suit. 
II y a des ions qui s* 
done de la lumierc 
mouvement a lieu a 
sera plus grande que s'll n ,> 
niagnetique, et s'il a lieu a gauc.h 
II y on a d'autres qui paraisvsent innnol)ile,s, 
(jui on realite so ineuvent parallel omout aux L^.^n 
de fove,o avcu', une poriode qui nc i sera pas modifiee. 
.11 y en a enfin (nil scunblent ,s(? rnouvoir sur des 

(lout los axes tournent leutcjinent. 
r trouver dans (|uel otat se trouvo Totlior par 
suite dos niouvemeiits de.s ions, on pent se servir 
d(^ la regies suivante, deduite par M. Loinwr/ de 
la theorie, generale. donsiderons dans une. inoleeule 
un ion. P, dont P est la position d'equilibre, et 
aiiinie de deux on plusieurs Tnouv(anents siinultau.es, 
do tello fa(;on quc^ le A^ecteiii' P n P soit h ehaque 
instant la result-ante des vec-teurs P P coivrespon- 

rlnnf. nnv TVimiArr^rvTonfti oiiviT^lrvy- 1 'r'lnf rl/> 1'ntlioi* ii 
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une 'distance suffisamment grande par rapport a 
PP, est alors celui que 1'on obtient en superposai.it 
les etats qui seraient produits par ces mouvements 
elementaires. 

On deduit deja de la qu'un mouvement circulaire 
d'uii ion donne, en des point situes sur 1'axe, de la 
lumiere polarisee circiilairement. 

En second lieu nous pouvons, au lieu des orbites 
elliptiques, considerees plus haut, choisir une 
decomposition plus avantageuse pour arriver au 
but. On peut en effet decomposer le mouvement 
dont 1'iori est anime avant 1'existence des forces 
magnetiques, en une vibration rectiligne parallele 
a 1'axe des 0, et deux vibrations circulaires, dextro- 
gyre et levogyre, dans le plan xy. 

La premiere n'est pas influencee par les forces 
magnetiques; la periode des secondes est modifice. 

Les vibrations produites par les mouvements dc^s 
ions sont triees en tombant sur un reseau d'api'es 
la duree des vibrations ; tout le mouvement sera 
ainsi separe en trois grotipes, et la raie spectral e 
formera un triplet. Dans tous les cas on pourra 
s'attendre a ce que la raie s'elargisse dans un champ 
magnetique et que les b'ords soi'ent polarises circu- 
lairement 1 ). 

20. Une verification de cette derniere conse- 



*) J'ai vu dans la suite que STONEY, Trans. Dublin, IV, 
essaie d'expliquer d'une maniere analogue, par la rotation 
des orbites elliptiques sous 1 'action de forces extericures, 
1'existence de raies doubles et triples dans le spectre. 
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quence peut-etre considered comme une preuve de 
1'exactitude de la theorie de M. LOEENTZ. Pour en 
faire 1'epreuve je me suis servi de 1'electro-aimant 
du 2, mais en. prenant cette f ois-ci des poles 
perfores; je 1'ai place de telle fagon que la ligne des 
poles passat par le milieu du re'seau. J'ai observe 
les raies D a 1'aide d'une loupe de FRESNEL, dans 
laquelle etait tendu un fil vertical. Entre le reseau 
et la loupe j'avais place le quartz quart d'onde et 
le nicol que j'avais employes anterieurement dans 
mes recherches sur la reflexion polaire normale sur 
un miroir aimante 1 ). Le quartz et le nicol etaient 
places de telle fagon qu'une polarisation dextrogyre 
etait eteinte. Or nous veiions de voir que la ligne 
spectrale elargie presente d'un cote une polarisa- 
tion dextrogyre, de 1'autre une polarisation 
levogyre. 

En faisant tourner 1'analyseur de 90, la lumiere 
qui d'abord etait eteinte reparait, et inversement. 
Ou bien si 1'on intervertit le sens du courant, et si 
le cote droit de la raie etait d'abord visible, c'est 
la partie de gauche qui doit apparaitre. Le fil de 
la loupe fut place au milieu de la raie. En inter- 
vertissant le sens du courant on voyait la raie se 
deplacer nettement. Cette experience pouva.it etre 
refaite a volonte. 

21. Voici une petite modification de cette expe- 
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rience. Sans rien changer a la position du mica, 
on tourne 1'analyseur. Pour uiie rotation complete 
la raie s'elargit et s'amincit deux fois. 

22. L 'electro-aimant fut tourne de 90 dans un 
plan horizontal, a partir de la position du 20; 
les lignes de force etaient maintenant perpendicu- 
laires a la droite qui joint la fente au reseau. Dans 
ces conditions les bords des lignes spectrales elargies 
etaient polarisees en ligne droite, dans un plan 
perpendiculaire a cette ligne. II doit en etre ainsi 
d'apres le 19; ear les cercles decrits par les ions 
autour des lignes de force sont maintenant vus dans 
leur plan. 

23. Les experiences 20 a 22 peuvent etre consi- 
derces comme une preuve que les vibrations lumi- 
neuses sont produites par le mouvement d'ions aiiisi 
que M. LORENTZ 1'admet dans sa theorie electro- 
magnetique. De Pelargissement mesure ( 14) on 
pent, an moyen de la relation (6), trouver le rap- 

) 

port . On tr ouve qu'il est de Tordre de grandeur 

10 7 unites electromagnetiques par gramme. II va 
de soi que cette consequence de la theorie ne doit 
etre consideree que comme une premiere approxi- 
mation. 

24. De 1 'experience du <S 20 on peut conclure si. 
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grande. 

25. Maintenant surtout que 1 'influence de 1'ai- 
maiitation sur les raies spectrales peut etre inter- 
pretee dans la theorie de M. LORENTZ, 1'etude 
ulterienro de ce phenomeiie presente beaucoup 
d'attrait. II se presente immediatement une serie 
d'autres questions. Un ordre de recherches qui 
semble devoir etre fertile en resultats c'est Tetnde 
des mouvemeiits d'ioiis de substances differences, 
souinises a des temperatures et des pressions diff e- 
I'entes et placees dans des champs magiietiques de 
di(::l:'erentes intensites. 

Des recherches ulterieures devront aussi trancher 
la question de savoir jusqu'a quel point les grandes 
forces magiietiques que Ton admet exister a la 
surface du soleil, peuvent modifier les raies de son 
spectre. 

LCS y)resentes recherches out etc faites au Labora- 
toire de Physique de 1'universite de Leyde. Qu'il 
me soit permis de remercier ici son directeur, M. le 
1*1-01:. ONNES, pour 1'interet qu'il a temoigne a mon 
ti'avail et pour les encouragements que j'ai regus 
de hii. 

APPENDIOE 

Depuis la publication de ma premiere note clans 
les comptes-rendus de 1' Academic d' Amsterdam, et 
pendant que la note publiee dans le present recueil 
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tentatives zaites dans le meme sens que les miexmcs, 
et qui m'etaient restees inconnues jusqu'a present. 
J'ai egalement pu lire le compte-rendu original <U* 
1' experience de FARADAY mentionnee au 1. (.V. 1 
compte-rendu se trouve clans la biographic (it 
FAEADAY par M, BENCE JONES, vol. II, p. 449 (1870) . 
Comme il est extremement digne d'interet, je me 
permets.de le reproduire ici: 

,,1862 was the last year of experimental researcl * 
STEINHEIL'S apparatus for producing the spectra 11 
of different substances gave a new method by whicl 
the action of magnetic poles upon light could b< 
tried. In. January he made himself familiar wit : 
the apparatus, and then he tried the action of ill 
great magnet on the spectrum of chloride of sodiui i 
chloride of barium, chloride of strontium, jui 
chloride of lithium". 

Le 12 mars il ecrit: ,,Apparatus as on last da 
(January 28), but only ten pairs of voltaic batti*r 
for the electromagnet." 

,,The colourless gas-flame ascended between 1 1 
poles of the magnet, and the salts of sodiui 
lithium, &c. were used to give colour. A Nimi. 
polarizer was placed just before the intense IYW# i \ 
tic field, and an. analyser at the other extreme < 
the apparatus. Then the electromagnet was mat i 
and unmade, but not the slightest trace of (vHV 
on or change in the lines in the spectrum was obst ' 
vecl in any position of polarizer or analyser. 7? 
i 



,,Two oilier pierced poles were adjusted at the 
magnet, the coloured flame established between 
them, and only that ray taken up by the optic ap- 
paratus which came to it along the axis of the poles, 
i. 6. in the magnetic axis, or line of magnetic force. 
Then, the electromagnet was excited and rendered 
neutral, but not the slightest effect on the polarized 
or unpo lamed ray was observed". 

,,Tliis was the last experimental research that 
FARADAY made". 

En 1875, M. lo professeur TAIT a public une 
notice,, doiit il. a eu I'obligeance de m'envoyer un 
exeinplaire: ,,().n a Possible Influence of Magnetism 
on the. Absorption, of Light, and some correlated 
subjects" '). M. TAIT rapporte qu'une notice de 
M. lo professeur FORBES, hie aux inembres de la 
Societe royale d'Edimbourg, ainsi que quelques 
observations presentees a ce propos par MAXWELL, 
lui out rappele une experience, qu'il a repetee 
maintes fois sans succes jusqu'en ce moment. La 
note, (lit plus loin ce qui suit: 

,,The idea is briefly this. The explanation of 
FARADAY'S rotation of the plane of polarization of 
light by a transparent diamagnetic requires, as 
shown by THOMSON, molecular rotation of the lumi- 
nifcrous medium. The plane-polarized ray is broken 
up, while in the medium, into its circular ly-polari-, 
zed components, one. of which rotates with the 



Pi-oc. Roy. Soc. of Edinburgh, Session 187576, p. 118. 
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aether so as to have its period accelerated, the other 
against it in a retarded period. Now, suppose the 
medium to absorb one definite wave-length only, 
then if the absorption is not interfered with by 
the magnetic action the portion absorbed in one 
ray will be of a shorter, in the other of a longer, 
period than if there had been 110 magnetic force; 
and thus, wliat was originally a single dark ab- 
sorption line might become a double line, the com- 
ponents being less dark than the single one." 

On voit done que 1'idee directrice de 1'experience 
essayee en vain se trouve ici clairement exprimee. 
C'est une idee qui se relie tres etroitement a celle 
que 1'on trouve exprimee au 15 de ma note. 
L'une et 1'autre sont en somme inspirees par la 
theorie de Lord KELVIN sur la rotation moleculaire 
du milieu propagateur de la lumiere; et ceci. en 
depit de ce que cette theorie n'est pas directement 
appli cable 11 Inexperience du 9. En effot, dans ce 
dernier cas, les lignes de force magnetique sout 
peri>endi.culaires a 1'axe du tube. 

Jo dois inantiouner en second lieu deux notes, 
publiees par feu M. FIEVEZ, et sur lesquell.es moil 
attention, a ete attirec par M. VAN AUREL, dans une 
lettre a M. le professeur ONNES, qu'il desirait voir 
coimnuiiiquer a 1'academie des sciences d' Amster- 
dam. M. ONNES donna lecture de la lettre dans la 
seance de Janvier, et donna a ce propos certains 
eclaircisseincnts dont je fais dans les lignes suivantes 
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sont intitulees: M. FIEVEZ, ,,De 1 'influence du 
magnet! sine sur les caraeteres des raies spectrales" 
(Bulletin de I' A cad. des Sciences de Belgique, 
3 C serie, tome IX, p. 381, 1885) ; et FIEVEZ : ,,Essai 
sur 1'origine des raies de FBA.UNHOFER, en rapport 
avec la constitution du soleil" (I. c. 3 e serie, tome 
XII. p. 30, 1886). On trouve ici la description 
d 'experiences semblables a celles des 4 et 13 
de ma note ci-dessus. Mais 1'auteur ne fait 
pas d 'observations relatives a 1'elargissement des 
baiides d 'absorption, ni a la polarisation de la 
lumiere emise. Les resultats obteiius par M. FIEVEZ 
meritent d'etre t-res attentivement consicleres. II fit 
ses observations sur une flamme, placee dans un 
champ magnetique ' qui non seulement elargissait 
les raies du spectre, mais y provoquait un renverse- 
ment et un double renversement, en meme 
temps que les raies devenaient plus brillantes. 
Malheureuseinent 1'auteur a neglige les domiees 
quantitatives. Bans certains cas, les faits observes 
par FIEVEZ, ne sont pas d 'accord, qualitativement 
parlaiit, avec mes observations ou avec ce que Ton 
peut en dcduire. De telle sorte que meme dans les 
cas ou nos resultats qualitatif s coiicordent, on devra 
se demander si FIEVEZ et moi nous avons eu sous 
les yeux les memes phenomenes. Le champ clont 
s'est servi FIEVEZ semble avoir etc plus intense que 
celui dont je disposals. Ceci permettrait-il. peut 
etre d'expliquer le ,,double renversement (c'est a 
dire 1 'apparition d'une raie brillante au milieu de 
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la raie noire elargie) "? La reponse a cette question 
me semble devoir etre negative. En effet, partant 
de notre 19, line raie quelconque doit s'elargir; 
srnon le champ magnetique acquerant une grande 
intensite, elle doit devenir un triplet. Telle que nous 
comprenons la description que donne FIEVEZ de 
son experience, la lumiere etait emise perpendicu- 
lairement aux lignes de forces. Or, la raie double- 
ment renversee de 1'auteur n'est pas le triplet que 
fait prevoir la theorie, car FIEVEZ dit expressement 
que la raie sur laquelle il experimente n'est pas la 
raie simple du spectre, mais une raie prealablement 
elargie et renversee (par une action quelconque 
indepenclante du magnetisme). L 'aimantation fait 
apparaitre une raie brillante an milieu de la raie 
noire. On pourrait done etre tente d 'interpreter le 
cas du double renverseinent comme une action 
directe du magnetisme, mais alors comme un de- 
doublement de la ligne d 'absorption, et non comme 
une division de la ligne primitive en trois parties. 
L 'application faite au 18 de la theorie de 
M. LORENTZ n'est, j'en convieiis, qu'une premiere 
esquisse. 11 fauclra done de plus amples donnees, 
tant theoriques qu'experimentales, avant de pou- 
voir decider ce qui dans 1 'experience de FIEVEZ a 
prevalu, de 1'action specif ique du magnetisme sur 
la lumiere, ou des influences perturbatrices. On 
pourrait en effet objecter a FIEVEZ ce que j'ai 

moi-meme reproche a mon experience analogue 
/-in <<; R 



L 'ensemble des phenomenes observes par FIEVEZ 
pent parfaitemeiit etre attribue a 1111 cliaiigement 
de la temperature, occasionne par les effets bien 
connus du champ magnetique sur la flamme (chan- 
gemeiit de direction ou de contour, convection 
magnetique, etc.). Dans la derniere phrase de son 
travail 1'auteur constate que ,,les phenomenes qui 
se manifest ent sous 1' action du magnetisme sont 
identiquement les memes que ceux produits par une 
elevation de temperature". Le resultat negatif 
auquel est arrive FIEVEZ quand il s'est servi de 
spectres d 'absorption semblerait, sauf plus ample 
examen (de meme qu'au 12), tendre a la meme 
conclusion. Ce que Ton pourrait, a mon avis, decluire 
des experiences de FIEVEZ, considerees isolement, 
ce serait plutot qu'il y a eu changement de la tem- 
perature de la flamme, et non action specifique 
du magnetisme sur 1'emission et 1 'absorption de 
lumiere. Des experiences deja en train me permet- 
tront, j'espere, d'elucider ces points obscurs. 

En resume, nous pourrons dire ce qui suit: Si 
les experiences de FIEVEZ m'avaient ete connues, 
elles m'auraieiit pousse a faire de plus amples 
reclierches, 1'auteur lui-meme ne les ayant pas 
poursuivies de maiiiere a obtenir im resultat decisif. 
II reste tout au moins douteux jusqu'a present si 
le phenomene observe par FIEVEZ sur une flamme 
aimantee doit bien reellement etre attribue a 
I/action specifique du champ magnetique sur la 
periocle des vibrations lumineuses. Cette action, je 
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1'ai clecouverte et indubitablement etablie, grace a 
la confirmation experimentale des predictions de 
M. LORENTZ. 



Ce rnemoire (sans appendice) a ete d'abord publie dans: 
Zittingsverslagen der Kon. Akademie van Wetenschappen te 
Amsterdam, 31 octobre et 28 novembre 1896. Dans: Archives 
Neerlandaises des Sciences exactes et naturelles (2) 1 .(1898) 
pp. 4454 et 217 220 a pani une traduction avec appendice, 
que nous avons reimprime ici. 

*) p. 57. Le texte de cette note est eonforme a la redaction 
faite par le prof. ZEEMAN pour le Phil. Mag. 

*) p. 63. Ici s 'applique la note de M. ZEEMAN dans le 
memoire II de ce recueil, p. 97. 



I. UBER DEN EINFLUSS EINER MAG- 
NETISIERUNG AUP DIE NATUR DES 

DUROH EINEN STOFF AUSGESENDE- 
TEN LICHTES 

VOR MEHREREN JAHREN, aELEGKENT- 
li.ch meiner Messungen iiber den KEKR-effect 
driingte si eh inir der Gedanke auf, ob iiieht auch 
das durch cine Flarame ausgesendete Licht ver- 
audern konnte; wenn diese einer magnetischen 
Einwirkmig imtcrworfen wird. Es kommt im 
Augoublic'.k niclit so sohr auf den G-edankengang 
an, duTc.h dc i n. icb mir die Moglichkeit hiervon 
dcnitlic'h ^u niaeheii traditotc; jedenfalls gab er 
nrii' den. Anlass, don Voi'sueli anzustellen. Mit einer 
i 1 1 ipro vi si ertei i Ei i iri cb tung wurde d as Spektrum 
ciiKU' Nati'iuinflaimne bc.trachtct, die zwischen die 
Polo ei nes Eloktromagnoton von RI T HMKORFF ge- 
brac.bt wai'. Das Rc i siiltat war nogativ. Wahr- 
wiire icli nicbt ]>ald anf diesen Versucli 
oininon, wcnni m'cht vor em paar Jahren 
inoinc Aiifinorksainkoit auf folgende Passage in 
(uiior vSkizze MAX \VKLI /s iilxn- FAHADA.Y gef alien 
wiire. Hier (MAXWELL, Collected Works IT p. 790) 
leseu. \viv: ,, Before we dosci'ibo this result we may 
mention that in 1862 he made the relation between 
magnetism and light the subject of his very last 
experimental work. He endeavoured, but in vain, 
to detect any change in the lines of the spectrum 
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of a flame when the flame was acted on by a power- 
ful magnet". Wenii ein FARADAY an die Moglich- 
keit der genannten Beziehung dachte, konnte es 
noch wohl die Miihe lohnen mit den gegenwartigen 
vorzugli.ch.en Hiilfsmitteln auf spektral-analyti- 
schem G-ebiet den Versuch zu wiederholen, da mir 
nicht bekannt ist, class dieses durch andere getan 
wurde. Die Ergebnisse zu denen ich bis jetzt kam, 
will ich mir erlauben kurz mitzuteilen. 

2. Der Elektromagnet von dem im Folgenden 
die Rede sein soil war ein RTTHIOCORFF, Mittelsorte. 
Der Strom, der fiir die Magnetisierung gebraucht 
wurde, stammte ans eiiier Akkumulatoren-Batterie 
imd betrug moistens 27 Ampere und konnte bis zu 
35 Amperen gesteigert werden. Das Licht der 
benutzten Lichtquelle wurde zerlegt durch ein 
Critter von ROWLAND, mit einem Kriimmungsradius 
von 10 Englischen Fiiszen und mit 14438 Linien per 
inch. Es wurde das erste Spektrum betrachtet und 
zwar mit einer Lupe von FRESKEL. Ein fein ver- 
stellbarer Spalt war dicht bei der Lichtquelle an- 
gebracht, die der Magnetisierung unterworfen 
wurde. 

3. Zwischen die parabolischen Pole des Elektro- 
magneten wurde der mittlere Teil einer BTJNSEN- 
flamme gebracht. Ein Rtlick mit Kiichensalz ge- 
trankten Asbests wurde in die Flamme eingefiihrt, 
so dass die 2 D-Linien, in der Lupe gesehen, sich 
scharf und fein gegeii den dunkehr Hintergrund 
abzeichneten. Der Abstand der Pole betrug un- 
i 



gcf ahr 7%M. Wurde nun der Strom eingeschaltet, 
so wurden die beiden P-Linien deutlich verbreitert. 
Beim Unterbrechen des Stroms kehrten sie in den 
Beginnzustand zuriick. Das Einsetzen und Ver- 
sclrwiiiden der Verbreiterung zeigte sich unmittel- 
bar nacli Schliessung resp. Unterbrechung des 
Stromes. Der Versuch konnte beliebig oft wieder- 
holt werden. 

4. Die BuNSEN-Flamme wurde durcli eine Gas- 
Sauerstbf f-Flamme ersetzt. Ebenso wie in 3 wurde 
das Asbest mit Klichensalz getrankt in die Mamme 
gcbracht. Diese stieg vertikal zwischen den Polen 
nacli obcii. Wurde nun der Strom wieder geschlos- 
soii, dann wurden die D-Linien wieder verbreitert, 
so dass sie wolil die 3- bis 4-f ache ihrer urspriing- 
lichen Breite bekamen. 

5. Bel der roten Linie von Lithium, das in del- 
Form des Karbonats gebraucht wurde, wurden 
vollig analoge Erscheinungen wahrgenommen. 

G. Man wird moglicherweise in der gefundenen 
Erschoinuug (3, 4, 5) nichts Besonderes erblicken. 
Man kanii ja folgendermassen argumentieren : 
Vorbreitemng der Spektrallinien eines gliihenden 
G-asos wird durch Vergrosserung der Dichte des 
strahlcmden Korpers und durch Temperaturer- 
]]()hiiT)g 5 ) zustande gebracht. Nun wircl unzweif el- 
haft unter dem Einfluss des Magnets die Form der 
Flammc anders (was bequem zu sehen ist) und 

*) Sichc abcr auch PRiNGSHEiM(Wied. Ann. 45; p. 457, 1892). 
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damit also auch die Tcmperatur. Man wiirde so 
geneigt soin allein dadurch die Ersclieinung zu 
erklaren. 

7. Nicht so bequem sclieiiit es einen anderen 
Versuch zu erkliiren. Eine Porzellau-Rohre, inuen 
und aussen glasiort, wiirde zwischen. die Pole 
horizontal aufgcstollt mit ihrer Achse normal auf 
die Yerbindung'slinie dor Pole. Dor innere Burch- 
messor dor H()hre betiiigt 18 mTVL, die Wanddickc* 
2 niM., die Ljiugt^ der Rohre 15 eM. ttber die 
End en der Rohre 1 ) sind engansehliesHeiid( k Rtiicke 
geschoben, auf die Deckel versebeii mit paralleleu 
Ulasj)latteii geschraubt wei'deu koimen. Mit lliilfe 
von strciniendeiu "VVassor kciinien so die, kuprenuni 
Stiieke und dainit (lit (HaH|)latten genu.ii'eud kiihl 
gehalten \vcrden, weini die Porzellnn-Rohro gliilH^id 
gemac'ht wird. 

Ferncr sind dieht }>ei den (llnsplatten an d( v u 
kuj)i'erneii Stiieken soitliehe l^ihrehen aii^e.bracht, 
(lit 1 (lurch llalme ab.iveselilossen werdcu kihnien. 

Eine ^rosse licxsK.v-Elaitnue koiinte die Riihrc 
mi^efiihr iil>er einen Abstand von 8 cM. pliihend 
niachcii. Das Licht einer elekt.i'isclieii Lainpc, die 
seitwiirts ein pa;if Meter von deni EIektromai!;n<'tcn 
entferni stand inn cine Eimvirkun^ davon anf <lcn 
Liclitbo^en r /u vcrineiden, \vurde (lurch eincn Mciall 
Spiegel (lurcli die Riihi'e ^eworfen. Mit deni (litter 



wurde nun das Spektrum des Bogenlichtes ent- 
worfen. Mit der Lupe wurde auf die Z>-Linien 
eingestellt. Das kann sehr genau geschehen, da in 
der Mitte der leuchtenden D-Liiiieii durch Selbst- 
umkehrung sehr feine Absorptionslinien auftreten. 
In die Porzellan-Rohre wurde nun ein Stiickchen 
metallisches Natrium gebracht. Die BUNSEN- 
."Plamme wird aiigeziindet und die Erhitzung be- 
ginnt. Ein gefarbter Dampf beginnt alsbald die 
Rohre zu f till en, der erst violett, dann blau und 
grim wird und endlich fur das blosse Auge unsicht- 
bar 1st, Im Spektrum ninunt beim Steigen der 
Temperatur das Absorptionsgebiet rasch ab. Allein 
in der Nahe der D-Linien herrscht eine starke 
Absorption. Endlich werden die 2 Absorptions- 
J?-Linieu sichtbar. In diesem Augenblick werden 
die Pole des Elektromagneten bis dicht bei der 
Rohre gesclioben, so dass ihr Abstand ungefahr 
24 inM. betragt. Die Absoi'ptions-Linien sind nun 
liber den grossten Toil ihrer Lange recht scharf 
goworden. Am unteren Elide laufen sie aber breit 
ana; cine Folge der grosseren Diclite des Na- 
I)am})fes im untta'sten Theil der Rblire. Wird nun 
der Strom geschlossen, so sieht man umnittelbar die 
Linieu breiter und scliwarser werden und beim 
Uiiterbreehen des Stromes unmittelbar wieder in 
ihre alte Form zuriickkehren. Der Versuch kann 
l)cliebig wiedcrholt werden bis zu dem Augenblick 
wo all es Natrium verschwunden 1st. 

Dieses Yerschwiiideii des Natriums muss haupt- 

i 



sachlich seiner Eimvirknng auf die Glasur dor 
Rohre zugeschriebcii werden. Bei weiteren Yer- 
suchen wurde darum cine niclit glasierte Rohre 
genommen. 

8. Fur den letzten Vcrsuch (7) wird man 
nioglieberweise noch eine. Erklanmg in folgondor 
Riclitung suchen wollen. Die benntzte Rohre ist 
siclier oben nnd unten nicht gleieli warm gowoson; 
ferncr war die Dichto des Na-T)ain])fos, wie aus der 
Form der IMVinien zu ersehen ist (7) auf ver- 
scliiedenen Hb'hen merkbar vei'Hcliiedcni. Konvck- 
tionsstvomTingon in Folge der Te.my)erat\irdirr< j ren r / 
zwischen oben und unten waren also sichcr an 
wesend. l r nter ])estiininten, vor der Hand lie.uvn- 
den Amialnnon kaim man bereclineii, dass infolgc. 
des Ansetzens des Elektroma^nelcn Dnickunlei- 
sehiede in der R<)lire entstehen von dersclbcn 
(Jviisscnordmnig als diejonigcn, die von der Tcinpc 
rainrdifrerenz herriihren. 

Bei der Ma^netiRierun,^ wii'd also infol^cdcsscn 
z. B. die nnterste diehtere Lagc nicln 1 nadi der 
Mitte der Rfihro gobracht werden. Die Linien 
werden verbreitci't werden. Hire Breitr in einer 
Ix'stinnnten Hobo wird ;ja banplsiiclilich Ix-slinunl 
dnreli die Anxabl dor ^liihendi'ii Teilcben in dicscr 
ITolie in der Riehtnn^ der Roliren Aebse. Obwnbl 
dieseErkliiningnof'b einigo Scbwieri.u-keilen lieferi, 
liisst sie sieb sieber oinigornmssen verieidiu'en. 

9. Die in C8) angtMlentete Krkliirung der f.inicti 
A'evlireiterung ist aber nielit inebr auf fol 

I 
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Variante cles Versuches anwendbar, bei cler eine 
nicht-glasiorto Rohre benutzt wurde. Die Rohre 
hatte eine lichte Weite von 10 miVL, die Wanddicke 
war reiehlich 1 niM. Die Pole des Magneten 
konnten auf eineii Abstand von 14 mM. gebracht 
wcrdcu. Die Rohre wurde statt mit einer BTJNBEN- 
Mamme niit einer Greblase-Mamme in der Mitte hell 
rotgliihend gehalten. Die Greblase-Mamme und der 
kleinere Durehmesser der Rohre machen es leichter 
diese oben und unteii auf dieselbe Temper atur zu 
bringon. Diese war nun holier als friiher (7) und 
die Na-Linien ])l.eiben fortwiihrend sichtbar 1 ). Man 
kanu nun ahwjirten bis in verschiedeneii Hohen der 
oSTa-Dampl: gleiclie Dichte bcsitzt. Durch fort- 
wiihrende .Di'elning der Rohre um ihre Achse habe 
ich das noch l)ci:ordcrt. Die Absorptionslinien 
si nd nun von oben. bis unten gleich breit. Beim 
AiivS(^./Aui des KUiktrojrnagnotcn verbreitern sich nun 
plotyJieh die Absorptionslinien iibcr ihre gesammte 
Ijk'ngc. 'Die. Erklai'iing genuiss (8) versagt nun. 

10. Oomo hiitte ich die Wirkung der Magne- 
tisienuig auf das Sjx^ktrmn eines festen Stoffes 
untersucht. .Kr))iinnoxy(l hat, wie BUNSEN" und 
BAH n gc.fiinden habe,n, die inerkwiirdige Eigenschaft 
brim (iliilxMi. (MIL Sp(ikt:ruin niit hellen Linien zu 
geben. I->( i i der von mir benutzten Dispersion er- 
gaben sich abor die Linien fur ineinen Zweck als 
nicht scharf genug. 



11. Die verschiedenen Versuche, von 3 bis 9, 
haben stets wahrscheinlicher gemacht, dass die 
Absorptions- und also auch die Emissionslinien 
ernes gasformigeii Stoffes durch magiietische 
Krafte verbreitert werden. 1st dieses der Fall, 
dann wiirden also uiiter dem Eiiif hiss eines Magnet- 
Feldes neben den eigenen Schwingungen der 
Atome, die das gewohnliche Linien-spektrum er % 
zeugen, Schwingungen anderer Periods auftreten. 

Dass es in der Tat unverineidlicli ist diese 
S}3eziisehe Wirkung der Magnetisierung an zu 
nehmen, wird, denke ich, in der Fort set zung dieser 
Abhandlung f estgestellt. 

12. Aus der Vorstellung, die ich mir schliesslich 
von der Natur der Krafte gebildet hatte, die im 
Magnetfeld auf die Atome wirken, schien mir zu 
folgen, dass bei einem Baiidenspektrum mid 
ausseren magnetischen Kraften die von mir bei 
einem Linienspektrum gefnndene Erscheinnng aus- 
bleiben sollte. 

Es ist ja sehr wahrscheiiilich, dass der Uiiter- 
schied zwischeii einem Banden- und einem Linien- 
spektrum nicht auf einer quantitative!! sondern 
einer qualitativeii Differenz beruht 1 ). Bei einem 
Bandenspektmni hat man mit znsammengcsetzten 
Molekiilen zn tun, bei einem Linienspektrum mit 
stark dissociierten Molekiilen von wenigen Atomen. 
Die weitere Untersuchung hat gezeigt, dass die 



1 ) KA.YSER in WINKELMANN 's Haiidbuch d. Physik II, 1, p. 421. 
I 



Vorstellung, die ich mir iiber die Ursaehe der 
Verbreitonmg bei eiiiein Linienspektrum formte, in 
der Tat in del 1 Hauptsaehe richtig war. 

13. Kine (rlasrohre an den Enden mit plaiipar- 
allelen (llasplatten geschlossen, wurde zwischen die 
Pole des Rr.HMKOHFF gestellt, auf dieselbe Weise 
\v.ie die Por/ellanrohre von 1. Durch ein unter 
die Rob re gestelltes Gasflammchen wurde das Jod 
vordampllt, so dass der violette Dampf die Rohre 
fiillte. 

Mil; Iliili'e von olektrischem Licht wurde das 
Absorptioiisspoktruni betrachtet. Wegen der 
uicdri^cn [re.nipci'atur 1st dies das Banden- 
spt'ktruiu. .Bei der grossen benutzten Dispersion 
sicht nuvn in den. .Banden cine selir grosse Aiizahl 
lloiiUM 1 dunklor Liuion. Wird der Strom um den 
'Magnet gcschlossen, dann sieht man im Gegensatz 
niit dem, was die YcTsiiclic an Na-Dampf lehren ; 
koine- VtM'iindening in don dunklen Linien. 

Das Aushlc.ibcn del 1 Ersdieinung-m diesem Fall 
sliil/,1 die Au 1Tussun.g, das auch selbst im ersteii 
Versiich niit Na-!l)ainpf ( 7) die Koiivektions- 
slriiinungeu oliue Eini'luss warcn. Denn jetzt sind 
<lic Konvektioiisstixinmngen infolge der Magneti- 
siening, die ic.h in diesem Fall noch fur moglich 
bicli, crsichl.lich nnznreidiend um cine Verande- 
rung des Spektnuns zustande zu bringen und 
obo-lcich ich das nieht an der Form der Absorptions- 
linien sehen konnte (vergl. 7) ist auch das Banden- 
spektruin von Jod ebon wie das Linienspektrum 
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sehr empfindlich fur Dichte- und Temperatur- 
veranderungen. 

14. Obwohl mir meine Hiilfsmittel nur eine 
vorlaufige rohe Messung zu verrichteii eiiaubteii, 
so glaubte ich doch, dass es interessant ware den 
Betrag der magnetischen Anderung der Schwin- 
guiigszeit angenahert festzustellen. Die Verbrei- 
tening der 27-Linien nach beiden Seiten betrug 
etwa 1 / 40 des Abstands dieser Linien, wahrend die 
Starke des Magnetfeldes ungefalir 10 4 betrug. 
Daraus folgt also eine positive und negative 
magnetische Veranderung von 1 /4 ooo ^ er Schwin- 
gungszeit. 

15. Der Gedankengang, den ich in (1) iiannte 
und dureli den ich dazu kam nach einem Einfluss 
der Magnetisierung zu suchen war urspriinglich 
dieser. 1st die Auffassung richtig, dass in einem 
Magnetfeld eine Rotationsbewegung des Athers 
um die Kraftlinieii besteht (KELVIN und MAXWELL) 
und darf man sick die Licktstraklung als verursacht 
denken durch die Bewegungeii von Atomen 
relativ zum Schwerpunkt des Molektils in allerlei 
Bahnen, nimm zur Einf aclilieit an in Kreisen rund- 
fliegend, dann wird die Sckwingungszeit oder was 
dasselbe ist, die Umlaufszeit in den Kreisen, durch 
zwischen den Atomen wirkende Krafte bestimmt 
werden und werden unter dem Einfluss der von 
der Magnetisierung herriihrenden storenden Krafte 
zwischen Ather und Atomen, nach bcidcn Rich- 
tungen Abwcichungen in der Sckwingungszeit vor- 
i 
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kommen konnen. Das Vorzeiclien der Abweichung 
wird natiirlich bestimmt werden durch den Sinn 
der Beweguiig von den Kraftlinieii aus gesehen. Die 
Abweichung wird desto grosser sein je mehr die 
Ebene 'eines Kreises sich einem Stand normal zu 
den Elraf tlinien iiahert. 

16. Etwas spater machte ich mir die Sache 
deutlich, indem ich an den Einfluss dachte, der auf 
die Periode eines schwingenden Systems ausgeiibt 
wird, wenn es mit einem anderen gekoppelt wird, 
das sich in rascher Rotation bef indet. Lord KELVIN 
hat, jetzt vor 40 Jahren, das folgende mechanische 
Problem gelost x ) : die Enden einer dunnen Schimr 
sincl befestigt an den 2 Enden eines horizontalen 
Stabes, der mit konstanter Winkelgeschwincligkeit 
um eine vertikale Achse durch seine Mitte rundge- 
dreht wird ; ein zweiter Faden, mit einem materiel- 
len Punkt belastet, ist mitten an dem ersten fixiert. 
Es wird 111111 die Bewegung fiir eine kleine Stoning 
des Pimktes untersucht. Bei grosser "Wmkelge- 
schwindigkeit wird die Losung rccht eiiifach. Kreis- 
f ormige Bewegungen des Punktes in verschiedenem 
Sinn durchlaufen, haben etwas verschiedene Perio- 
den. Vergleicht man das Doppelpendel mit einem 
leuchteiiden Atom mid die Bewegung des dreheiiden 
Stabes mit der Botationsbewegung um die magneti- 
schen Kraftlinien, dami ist die Anwendung auf 
unseren Fall deutlich. 



Es beclarf wohl keiner Yersicherung, class obigen 
Betrachtungen hb'chstens nur als Hinweis auf mehr 
oder weniger analoge Falle einiger Wert zukommt. 
Ich teile sie aber mit, well sie der erste Anlass 
zu meinen Yersuchen waren. 

17. Zu einer wirklichen Erklarung der magneti- 
schen Yeranderung der Schwingungszeit schien 
mir die Theorie van Prof. LORENTZ den Weg zu 
weisen. 

In dieser Theorie wird angenommen, dass sich in 
alien Korpern kleine, elektrisch geladene Massen- 
teilchen befinden, dass alle elektrischen Erschei- 
nungen auf der Lage und Bewegung dieser ,,Ionen" 
bemhen und dass die Lichtscliwingungen Yibra- 
tionen dieser Teilchen sind. Durch die Ladung, 
Lage und Bewegung der lonen ist dann der 
Zustaiid im Ather ganz bestimmt. Auf solch ein 
Ion wirken, wenn es sich durch ein magnetisches 
Feld bewegt, meehanische Krafte wie die, wovon 
oben die Rede war und die dann auch die 
Aiiderung der Schwingungszeit erklareii miissen. 
Prof. LORENTZ, clem ich diese Betrachtungen mit- 
teilte, hat sofort die Preundlichkeit gehabt mir 
anzugeben auf welche Weise die Bewegung eines 
Ions in eiiiein magnetischen Feld gemiiss seiner 
Theorie bestimmt wird und hat mich darauf auf- 
merksam gemacht, dass falls die aus seiner Theorie 
f olgende Erklarung richtig sein sollte, der Spektral- 
streifen an den Randern cirkular polarisiert sein 
muss. Der Betrag der Yerbreiteruiig des Spektral- 
I 



streifens wiirde dann benutzt werdeii konnen, urn 
zu sehen, welches Verhaltnis zwischen Ladimg und 
Masse man in dieser Theorie clem Teilchen zu- 
schreiben muss, das die betrachteten Lichtschwin- 
gungen ausf iihrt. 

Die ebengenannte hochst interessante Folgerung 
von Prof. LORENTZ betreffs cles Polarisationsziir 
st ancles in der magnetisch verbreiterten Spektral- 
linie liabe ich im Versuch vollig bestatigt gefun- 
den (20). 

18. Wir werclen nun die Bewegungsgleichungen 
aufstelleii fiir ein schwingeiides Ion, das sich in der 
X F-Ebene in cincm homogenen Magnetfeld be- 
wegt, in dci u die magiietiselie Kraft in der E/ichtung 
der positiven Z-Axu lauf t und den Werth H besitzt. 
Wir denken uns dabei das Koordiiiatensy-stem so 
gowaMt, class von der positiven Z-Ax& aus geseheii, 
die, -|- A"-Axc niit der -|- F-Axe durch eine Brehung 
inn 90 in einer lliclitung eiitgegen der cles Uhr- 
ztvigei's zum Ziisammenfallen gebraeht wircl. Sei e 
die Ladling (in elektromagnetiscliem Masz) cles 
positiv geladenen loiis und m seine Masse. Die 
Bewegungsgleiclmngen sind dann: 



(1) 



72 n 

m -, ; = 7o 2 y e H-, 7 

d t 2 - ' d t 



3 ) Diosc (!leic'lraiicn habcn dieselbe Form wie die des 
FoucAur/r 'schcn Pcndcls und i'iihren natiirlicli zu ahnlichen 
Rcsultaton. 
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Das erste Glied der rechten Seite driickt die 
iibliche elastische Kraft aus, die das Ion nach 
seiner Grleichgewichtslage zuriick treibt, das zweite 
die meehanische Kraft, die vom Magnetfeld 
herriihrt. 

Die Grleichungen werden befriedigt durch: 

* " (2) 

fi\ n gt \ I 

falls: 

in s z a, = k z x + e ffs (3 ) 



Hierin sind mm m, U, e, H als gegeben anzusehen. 
Besonders interessiert uns die Schwingungs- 
zeit T. 
1st H = 0, so f olgt aus (3) 

. & . 2 7T 

S-- - /j _ n 
V 9 * b . 

Vm T 

oder: 



(4) 



1st H nieht 0, dann findet man aus (3) an- 
genahert 



s = i 



V 



m 



Nennt man T' die Schwingungszeit in diesein Fall 
so ist: 

T , __ 2 TT Vm /-i , eH \ /c . 

1 - ( 1: =o7.i/rr) ( 5 ) 
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Das YerhaHnis dor Yoranderimg dor Sehwin- 
gungs'/oit y.ur nrspHinglieheii SoJuviiigungszeit wird 

c H c H T 

. 9 /v\ 

W 2 /. 1 ' m m 4 TT .............. 

Kino spo/jelle Losung von (1) ist diogemge, bci 
dor die louon sich in Kiviscn boweg'on. Bowegen 
si< i sich in positiviT R.ichtuu^ (d. h. in dcv Richtung 
dor t'hr/oitfor f'iir oinou B(M)l);iolil;o,i' der auf dcr 
Soilo sicht, woliin die 'Kral'tlinioii laii(x v n) daim ist 
dio IVriodo oi.was kloinoi 1 als wonn sic sicli in die 
uotrativo Hicliluiiy; bowcgcn. Dio 'Poriodc^ wird ivn 
orston Kail bosiinuut dui'cli don Wort von. (5) rriit 
doni nnioroii Xoiolu'ii, ini xwoiton 'Fall init dom 



Dio nlltfomoino Liisnn.u, 1 von (1) lolirt, daws aussor 
Ki'oison dnn-li di< i lonon anch ollij)tischo li 
besolmolM'U wordon, dio langsain dt'oluni. 

I in all^ciiH'iiuMi I<\-dl, dass <lio. ui'Mprii 
IJoNvoii'iuiLi,' dos I<nsoin< i willkiii'Iiolio I^ago. im 
hat, /.I'i.n'l < i s sich Icichi, dass dio Pi'ojo.ktion dor 
I>o\vo-unu; anf dio A* )' Kl)ono donsolljoii (-haraktor 
bohiili. Die Prn.joktinn <lor Howe^ung auf dio. 
X A\e ist eine tfowc'ihnlicho ein facho Schwingung; 
sie isi unabhiini!;iu' von dor in dor A* )' Ebono, irnd 
hat auch kcinen Kinfluss anf sie nnd erlahrt also 
koine Wifkntm 1 duroh die ina^netischen Kriift(\ 
Naliirlich i.si <lie hier .u'o^eboiio I>eirach1,iing iiber 
die Iiewe.n'inm 1 fines Ions alleiu als allerorslc Ski///e 
oiner Thecirie dc-r Lieliihowo^un^ou goinoint. 



19. Stellen wir uns einen Beobachter vor, der 
eiiie -Flamme, aufgestellt in einem Magnetfeld, in 
soleher Richtung betrachtet, dass die Kraftlinien 
von ihm weg od.er auf ihn zii laufen. Denken wir 
uns, dass dieser Beobachter die lonen von 18 
selbst in ihrer Bewegung verfolgen kann, dann 
wird das Eolgende beobachtet werden. Es wird 
lonen geben, die sich in Kreisen bewegen und die 
also cirkular-polarisiertes LicM ausseiiden; durch- 
laufen sie die Kreise rechtsum, dann wird die 
Sehwingungszeit z. B. grosser sein als solange kein 
Magnetfeld da war, linksum dann wird diese kleiner 
sein. Es wird anch lonen geben, die still zu stehen 
scheineri und die sich in Wirklichkeit mit unver- 
anderter Sehwingungszeit parallel den Kraftlinien 
bewegen. Drittens wird es auch lonen geben, die 
sich in drehendeii elliptischen Bahnen zu bewegen 
scheineii. 

"Will man uberlegen, welcher Zustand im Ather 
durch die sich bewegenden lonen erregt wird, so 
kann man von der folgenden Regel G-ebrauch 
machen, die durch Prof. LORENTZ aus der allge- 
meinen Theorie abgeleitet worden ist. Hat in 
einem Moleklil eiii Ion P wo von die Gleich- 
gewichtslage P heissen mag zwei oder mehrere 
Beweguiigen zugleich, in dem Sinne, class der Vektor 
P P in jedem Augenblick erhalten wird clureh 
Zusammensetzung der Vektoren P^P, die im selbcn 
Augenblick bei den einzelnen Bewegimgen vorkom- 
men wiirden, so wird im Ather in einem Abstancl, 
i 
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der sehr gross verglichen mit F P 1st, der Zustand 
erhalten, inclem man diejenigen Zustande, welche 
in den erwahiiten cinzclnen Fallen bestehen wiirden, 
auf einander superponiert. 

Hieraus kann man vor allem ableiten dass eine 
Kreisbewegnng eines Ions in Punkten, die anf der 
Axe liegen, cirknlar-polarisiertes Licht geben. 

Fcrner kann man an Stelle der oben betrachteten 
clliptischen Bahnen eine fiir imseren Zweck mehr 
geeignete Zerlegnng wahlen. Man kann namlich 
die Bewegung, die das Ion ausfiihrt bevor die 
magnetisclie Kraft wirkt, zerlegen in eine gerad- 
Imige Schwingnng parallel der ^-Axe und zwei 
kreisfo'rniige (reclits- nnd links-lanfeiide) in der 
X F-Ebene. 

Dio crste bleibt miter dem Einflnss der magneti- 
sclien Kraft miverandert, von den letzteren werden 
die Sclnvingungszeiten verandert. 

ein. Gitter werden die von den lonenbe- 
i lierriihreriden Seliwingnngen nach der 
zeit sortiert, also die ganze Bewegung 
in drei. (Ini/ppon gespalten. Der Streifen wird ein 
Triplet ])ilden. Jodciifalls "lasst si eh wolil erwarten, 
dass die Spektralliirie l>reiter sein wird als ohne 
Magnetfc^ld nnd die Rander cirknlar-polarisiertes 
Lid it aussemlen werden 1 ). 

r ) SpiitcM- IxMiiorkto icli, dass STONKY, Trans. Dublin TV. das 



20. Eine Bestatigung der letzten Folgerung darf 
wohl sicher als ein Beweis fiir die Richtigkeit der 
Theorie von Prof. LORENTZ angesehen werden. Um 
dies durchs Experiment zu entscheiden wurde der 
Elektromagnet von 2, aber nun mit durchbohrten 
Polen, so aufgestellt, dass die Vcrbindungslinie der 
Pole die Mitte der Gitters schnitt. Die J?-Lmien 
wurden mit der Lupe von FRESNEL betrachtet, worm 
ein vertikaler Draht gespannt Avar. Zwischen dem 

Glitter mid der Lupe wurden das -Plattchen und 

der Nicol aufgestellt, die ich friiher bei der Unter- 
sucliuiig der normalen polaren Reflexion an einem 
magnetisierten Spiegel benutzt habe 1 ). Das Platt- 
ehen und der Nicol wurden relativ zu einander so 
orienti ert, dass rechtscirkular-polarisiertes Licht 
ausgelb'scht wurde. Nun muss gemass den. obigen 
Ausfiihrungen die verbreiterte Spektrallinie an 
dem einen Rand rechts- an dem and even links- 
cirkular polarisiert sein. 

Durch. eine Dreliung des Analysators um 90 
muss das Licht, das erst ausgeloscht wurde, durch- 
gelassen werden und umgekehrt. Oder aucli : kelivt 
man die Richtung des Stromes um, clann muss, wenn 
erst die rechte Halfte der Linie im Apparat sicht- 
bar war, nun die linke es werden. Der Draht in 
der Lupe wurde auf die Linie eingestellt. Beim 
Umkehren des Stromes versprang die sichtbare 
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Lime! Bicscr Yersneh konnto beliebig wiederholt 
werden. 

21. Kine geringe Abandoning obigen Yersuches 

ist noc,b diese. Bei nnveriindertem Stand der - 

4 
Platte wird der Analysator randgedreht. Die ver- 

broitorte ftpcktrallinie wird dann bei einer Um- 
drelning dos Analysators zwoimal breit mid zweimal 
sclnnal. 

22. Dor Klektrornagnet wnrde 90 in einer 
boiT/ontalcn Ebone ana dor Lage von. 20 herans 
godreht, so dass die Kraftlinien nnn normal standen 
auf die Ycrbindnngslinie den Spaltes mit dom Gritter. 
Die Kiinder der vorlvreiterton Spoktrallinie orgaben 
sicb nun als linear polarisiert mid zwar in einer 
Kbono die normal anf dio Linio steht. Diese 
Ersebeinung ist nninittt'lbar dontlicli anf G-rnnd der 
Bet rachtung \o\\ J 19. Man sielit dio Kreiso, worin 
sicb die Tonen l>ew( v g(M) nnd dio normal zn don. 
'Kral'llinien stolien, nnn mohr flacli von cler 
Scite. 

23. I)i( k Yersnobo 20 bis 22 kann man als einen 
P>eweis dafiir anselion, dass dio Liebtsc.hwmgimgen 
durcb die Px'wognng von Tonen vornrsaelit wooden, 
wie sie (Ini'di Prof. TjORKNTZ in seiner Elektmitiits- 
ilieorie. e5iig(vnilirt wordon. sind. Ans der gomes- 
senon Yerbrcntornng ( 14) kann nnn mit Hiilfe 

der Uexiebung (G) das Yerliiiltnis -- c - gefnnden 

werden. Es ssoifft sicb dann. dass ( von der 
in 
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Ordmmg 10 7 1st. Natiirlich kann dieses Resultat 
der Theorie nur als eine erste Naherimg angeseheii 
werden. 

24. Aus dem Yersuch von 20 kaiin man 
ableiten ob das positive oder negative Ion sicli be- 
wegt. Laufen die Kraftlinien in der Richtung zum 
Glitter, dann zeigte sich, dass die rechts-cirkular- 
polarisierten Strahlen eine kleinere Schwingungs- 
zeit erhalten. In Zusammenhang mit 17 folgt 
darans, dass es die positiven *) lonen sind die sich 
bewegen oder die wenigstens eine grossere Balm 
beschreiben. 

25. Yor allem da nun die Magnetisierung der 
Spektrallinien in der Tlieorie von Prof. LOHENTZ 
interpretiert werden kann, wird ilire weitere Uuto.r- 
suchung sehr verlockend. Es drangen sich dirokt 
eine Reihe weiterer Frageii anf. Es scheint viel- 
versprechend fiir verschiedeiie Stoffe unter v(i'- 
schiedeiieii Bedingungen von Temperatur mul 
Druck, bei verschiedener Starke der Magnetisierun^ 
die Bewegung der lonen zu verfolgen. Die woitorc 
Untersuchung wird auch feststellen miissen, imvio- 
weit die starken magnetischcn Kriiftc, von denon 
man aiinimmt, dass sie auf der Sonnon-obcrflJic.lu'. 
wirken, ihre Spektrallinien verandern konnon. 
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Dicsc Abhandlting 1st von Herrn Prof. Dr. P. EHRENFEST 
unter Beriicksichtigung der Vcroffentlichuiigcii in "The Pliilo- 
sophical Magazine" nnd Archives Neerlandaises des sciences 
cxactcs ct naturellcs" iibersetzt aus: Zittingsveralagen der 
Kon. Akadcinie van Wetensehappen te Amsterdam, Baud V, 
189697, wo sie in zwei Teilen, den 111 (31 Oktober 
1896, pp. 181184) mid den 1225 (28 November 1896, 
pp. 242 248), cTschienen ist. 

*) p. 90. Au:C diese Stelle bezieht sich Prof. ZEEMAN'S Fuss- 
iiote in Abhandlung II dieser Sammlung, S. 97. 



II. DOUBLETS AND TRIPLETS IN THE 
SPECTRUM PRODUCED BY EXTERNAL 
MAGNETIC FORCES 

ON a former occasion T ) I have remarked that 
the elementary treatment of the general idea 
of the LORENTZ theory of the magnetic broadening 
of the spectral lines indicates that the broadened 
line must in some cases be broken up into a triplet. 
I have examined this subject somewhat more in 
detail. Further consideration shows thai with a 
very strong magnetic field, a magnetically broaden- 
ed line must be broken up into doublets or triplets 
according as the light is emitted in a direction 
parallel or perpendicular respectively to the lines 
of force. "With a smaller intensity of the field, the 
line will be simply widened. The prediction of 
LORENTZ with regard to the polarization of the 
edges of the broadened lines having been fulfilled, 
it seemed worth while, to pursue still further the 
study of the polarization of the lines. Kveii with 
magnetic forces insufficient to break up the line 
into a triplet, it might bo possible to learn sonic- 
thing more about the constitution of the widened 
line. It seemed to me to be of interest to invcstigaie 
this point, and to see whether the explanation 
formerly given, intended as the very first sketch 

*) Phil. Mag\ for March 1897; c-.T. this colled ion paper I. 
II 
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of the motion of ions according to the theory of 
LOBENTZ, was further confirmed by experiment. 

Prof. OLIVER LODGE x ) has suggested that, under 
some suppositions, we might conclude also that the 
line will be simply widened in a strong field. I take 
the liberty of stating briefly to the readers of the 
'Philosophical Magazine' the preliminary results I 
have obtained in regard to these questions. 

2. In 18 of the cited paper, the motion of an 
ion in a magnetic field was treated according to 
LOBENTZ'S theory. The system of coordinates was 
chosen in such a manner that the axis of z was 
parallel to the magnetic force, the plane of (x, y) 
being perpendicular to it. Referring for the rest 
to the cited paper, I recapitulate that the consi- 
dered motions of the ions, existing before the put- 
ting on of the magnetic force, were resolved into 
a rectilinear harmonic motion parallel to the axis 
of s and two circular (light-handed and left- 
handed) motions in the plane of (a;, y). 

The first remains unchanged under the influence 
of the magnetic force, the periods of the last are 
changed. 

3. Using the rule giveii by LOBENTZ, therefore, 
we see that in the direction of the lines of force, 
right-handed and left-handed circularly polarized 
light of changed period must be propagated. The 
ions vibrating parallel to the lines of force of course 

J ) 'The Electrician' for February 28, 1897, p. 569. 
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do not cause any disturbance in the aether equiva- 
lent to light in that direction. 

In a direction perpendicular to the lines of force, 
those motions of the ions which have a component 
parallel to the plane of (x, y) give. plane-polarized 
light vibrating in a vertical plane and with changed 
period (I suppose the axis of z in a horizontal 
plane) . The ions, however, moving parallel to the 
axis of & give electrical vibrations in a horizontal 
direction with unchanged period. 

4. Magnetic Doublets. Hence with every value 
of the magnetic force, an infinitely narrow spectral 
line breaks up into two lines, the light being emitted 
in the direction of the lines of force. However, for 
lines of finite width, the magnetic change of the 
period must exceed somewhat that corresponding 
to half the width of the original line in order that 
the doublet may be seen. One of the components 
then must be over the whole width left-handed, the 
other right-handed circularly polarized. 

5. Magnetic Triplets. With finite width of the 
spectral line and observing in a direction perpen- 
dicular to the lines of force, the line is broken up 
into a triplet if the magnetic change of the period 
corresponds to the whole width of the original 
spectral line. Hence the magnetic force necessary 
to produce a triplet is equal to twice the value 
necessary for a doublet. 

ii a/J-iri'f-a T^nvnii o n-f l\/fn riM a /-.!/> 7~)/i/i/ 7>7/?/ o 



the ones supposed in 4 and 5, forms intermediate 
between the unchanged spectral lines and the doub- 
lets and triplets may be 'expected. With the doublet 
only one particular intermediate form exists, viz., 
a line the edges of which are circularly polarized, 
the central part emitting uiipolarized light. This 
case I described in my former paper. 

Of triplets two intermediate forms may be dis- 
tinguished. 

Polarized light. 
__.._ 7 a. Vibrations vertical. 

b. Vibrations horizontal. 




TJnpolarized light. 



Original width. 



I will call a line "Triplet a", if the magnetic 
change corresponds to somewhat more than half 
the width of the unchanged line. In this case the 
broadened lino is composed in the following manner : 
the central part will emit horizontal vibrations, at 
both its sides bands of (chiefly, but not entirely) 



ii 
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tmpolarized light border it, which again are enclosed 
by bands of vertically vibrating light. The accom- 
panying diagram gives a rough scheme of the 
constitution of the line. 

In "Triplet fc" the magnetic change amounts to 
less than half the width of the original line. This 
case I described in my cited paper. 

7. Hence we may expect that if we can just 
resolve the doublet, the magnetic force also is suf- 
ficient for triplet a. 

As with sodium (cf. 11) I did not succeed com- 
pletely with the means at my disposal in observing 
the expected doublets and triplets, so with other 
substances I looked in the first place for magnetic 
doublets. We might expect then that further 
inquiry would show something about the triplets. 
At last I succeeded in observing with the blue* line 
(X = 480 |Ufji) of cadmium the doublet and the 
triplet a. It has already been remarked by EGOROFF 
and G-EORGIEWSKY 1 ) that cadmium also exhibits the 
broadening of the spectral lines under the action of 
magnetism. 

8. The method of experiment was principally 
the same as that formerly used. As in my former 
experiments, I used -a RUHMKORFF electromagnet. 
I missed, however, the beautiful ROWLAND grating 
I used in the laboratory of Prof. ONNES. I now 
only had at my disposal a smaller one with a radius 
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of 6 ft., but like the Ley den one with 14438 lines 
to the inch. The second spectrum was very satis- 
factory. For the cadmium spectrum a spark was 
used between cadmium electrodes; with a lens, as 
often used in this manner by LOCKYER, an image 
of spark and electrodes was formed on the slit; it 
is then easily verified that the part of the spark 
just between the poles is analysed. 

The above-mentioned cadmium line is' especially 
sharp at the violet side. 

Now I succeeded, indeed, in observing the expect- 
ed phenomena (doublet and triplet a). 

9. For observing the doublet along the lines of 
force a perforated pole was used. With a current 
of 30 amp. the distance of the poles being as small 
as possible without interfering with the cadmium 
electrodes, a perfectly defined doublet was seen. One 
of the components appeared to be left-handed, the 
other right-handed circularly polarized *) over the 
whole width. It might still be argued that the inter- 
vening dark space between the components is caused 
by a reversal 'and that it is not a doubling of the 
lines. However, then it must be supposed that this 
absorption-lino just intercepts that part of a mag- 

M The sign of the circular polarization is the same in the 
case of this cadmium line and of the ZMines. I must, however, 
correct my statement in 24 of my former paper. I now 
sec that if 'the lines of force are running towards the grating, 
the right-handed circularly polarized rays appear to have the 
creator -period Hence the radiation is due chiefly to the 
motion of a negalivdy-^g^ particle, ^f^^^ 1 ^ 
arose from a faulty indication of the axis of the A/4-plate used. 
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tetically broadened line emitting uiipolarized light. 
sTow with a smaller value of the magnetic force 
he dark space becomes narrower. I grant that this 
s also the case with the supposed absorption-line, 
rlowever, then a greater part of the broadened 
smission-line should emit unpolarized light, the 
mailer absorption-line now intercepting but a part 
>f it. It appeared, however, that even with very 
larrow intervening dark space, the components of 
he doublet were entirely circularly polarized, and 
lence the intervening dark space seems to be dif- 
:erent from an absorption-line. There is yet another 
irgument against the interpretation that the dark 
ipace is of the nature of an absorption-band. Indeed, 
me should expect to see also reversal if looking 
icross the lines of force. However, in this direction 
10 trace of an ordinary absorption-line was visible 
vith the same magnetic intensity. Hence wo must 
jonclude, I think, that I have really observed the 
loublet indicated by LOKENTZ'S theory. 

10. Looking across the lines of force I succeeded 
n observing the phenomenon indicated as triplet a 
[ 6, diagram). If no iiicol was used only a broaden- 
ed line was visible. A nicol oriented so as to get 
.id of light whose -plane of polarization is vertical 
nakes a dark well-defined line appear in the midst 
rf the broadened line. Turning the nicol over 90 
Ms dark line disappears, the lateral wings now 
3eing quenched, because these are polarized in a 
lorizontal Diana. All 
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ing to 6. The analysers in 9 and 10 were 
inserted according to LODGE'S 1 ) advice before the 
light reaches the grating. 

Till now I have not had the opportunity of meas- 
uring the intensity of the field used in 9 and 10. 
I took care, however, to make them nearly equal 
in the two cases. 

11. Finally it may be mentioned that I observed 
also traces of the phenomena described in 9 and 
10 with sodium. As the ZMines reverse so very 
easily by non-magnetic agency and as they show 
sometimes complicated phenomena (LOCKYER and 
OIAMICIANT 2 )), it seems difficult to see the pheno- 
mena pure arid simple with sodium. It is true that 
it is not difficult to avoid perturbations caused by 
the motion of the piece of asbestos, as mentioned 
by Eaouoiw and GEORGIEWSKY :j j in their interesting 
note. To avoid disturbances of this kind I simply 
moistened the mouth-piece of the burner with a 
very concentrated solution of NaCl or NaBr. Small 
disturbances nevertheless easily make their ap- 
j wavaiice. 

.12. Although my inquiry is not yet closed, I 
think, however, that we can say that it seems to 
give new evidence in favour of the interpretation 
of the. magnetization of the spectral lines given by 
T/'s theor. When I have determined the 



') 'The Klectric.ian' oil 26 February, 1897. 
-) C'.l'. KAYSKK, Spt'ctnilmwlyse, p. 305. 
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intensity of my field, we can decide the question 
whether we can' hope to obtain a pure triplet by 
augmentation of the magnetic force or by using 
narrower spectral lines, though, of course, it may 
yet turn out that the phenomena prove to be less 
simple. For a future paper also must be reserved 
the accurate measurement of the amount of the 
magnetic change with Cd and other substances 1 ), 
and therewith the discussion about the ratio between 
mass and charge of the ions in LORENTZ'S theory. 
It is very probable that these "ions" differ from 
the electrolytical. It is true that by means of the 
latter many phenomena can be interpreted, as also 
is clone in a paper by RICHAEZ 2 ), where, e. g., the 
molecular magnetism is explained by the motion 
of the ions, but the high value of e/m which I have 
found makes it extremely improbable that we have 
to deal with the same mass in the two cases. And 
LODGE 3 ) has even pointed out in an extremely 
interesting paper that my value of e/m can be ex- 
plained without the necessary motion of any 
"matter" at all. 

Appendix. On communicating the observations 
of this paper to Prof. LODGE, he most kindly in- 
formed me that he had already seen some of them 
himself. Especially he had seen the doubling of 

x ) I have experiments in progress (measurements of the 
photographed magnetized spectrum) by which I hope to lx> 
able to obtain fairly accurate values of the magnetic oh tinge 

2 ) Wied. Ann. lii. p. 385 (1894). 

3 ) 'The Electrician', March 12, 1897. 

II 
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the lines and shown them at the Royal Society 
soiree on May 20. He, however, did not suppose 
it to be a real doubling of the line, but thought it 
to be a broadening and a reversal. I have given 
my reasons (the chief being the circular polariza- 
tion over the whole width) for thinking that I 
observed a real doubling. I am confirmed in 
this opinion because it corroborates the observa- 
tion of the perpendicular polarizations of the 
middle and of the edges of the triplet a ( 10). As 
Prof. ijOix.no does not mention that he observed this 
last phenomenon, and as my point of view is differ- 
ent from his, his object not being in. the first place 
to test LOIIKNT//S theory, i publish the paper in its 
original form, though it turns out that part of its 
contents has been observed by both of us indepen- 
dently 1 ). 



') I)iti<'(m<r /))/ Prof. 

Having broil nskrd 1o exhibit Prof. ZKKMAN'K discovery at 
Ihr Uoyal Society soiree I arranged apparatus to obtain 
it more powerfully, and thereby saw the new effects; but 
without any intention of trespassing on the pve.ro gative. oil! 
the discoverer. 

What 1 saw concerning polarixalion was that, when looking 
across Hie lines of force, a nic.ol brought, oiit the doubling 
(or tripling or quadrupling as the. case might be.) more 
sharply, no donht by quenching the residual light; and that 
is restored the original appearance of the line when rotated 
through !)(). I mention this bere as partially confirming 
Prof. %K KM AX'S most interesting and much more, complete, 
investigation, on the theoretical aspect of: which at, present I 
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MAGNETIC TRIPLET. With the grating 
of 8 and with a very strong current and 
rightly-shaped conical poles I succeeded in observing 
also the pure triplet (5) with cadmium. Again the 
blue * cadmium line was examined which I have 
used for the other characteristic phenomena. The 
field used was about 32.000 C.G.S. Using this strong 
field and looking without a nicol across the lines 
of force the cadmium line was seen tripled, i. e., 
broken up into three lines, separated by dark spaces. 
The existence of this triplet demonstrates, as it 
seems to me, irref ragably, and independently of the 
examination of the state of polarization, the mag- 
netic nature of the phenomenon. 

If now a nicol is placed in the rays with its piano 
of polarization horizontal, then only the two outer 
lines of the triplet are seen. A rotation of the nicol 
over 90 makes appear the central line and quenches 
completely the light of the outer ones. Hence the 
central line of the triplet emits plane-polarized 
light, the plane of polarization being vertical ; the 
outer lines, on the other hand, emit light polarized 
in a horizontal plane. This result entirely confirms 
the considerations of 3 and 5. The question of 
12 is now answered. New evidence in favour of 
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netizatioii of the spectral lines has been obtained. 

H. Measurement of Magnetic Change. The 
triplet and also the "triplet a" of 6 enable us to 
measure accurately the magnitude of the magnetic 
change ; on a former occasion *) I have given only 
the result of a rough measurement in order to deter- 
mine the order of magnitude. Using the "triplet a" 
I have TI.OW obtained a far more reliable value. 
Looking; across the lines of force and quenching the 
horizontal vibrations by means of a nicol the vertical 
vibrations only emerge. Using a grating there are 
to be seen, two separate lines, consisting of vertical 
vibvatioiis. The distance between the centra of these 
lines corresponds to the double change of the period. 
Of course, this distance (tan be measured far more 
accurately than the widening of a line. The accu- 
racy of the measurement by means of a micrometer 
eyepiece is much increased if the grating gives 
brill i ant lines. This quality is possessed by a grating 
in the possession of the laboratory of the Univer- 
sity of Groningen. Its director, Prof. HAGA, kindly 
invited me to make some measurements with his 
apparatus, which were in full working order. The 
grating* is mounted in a very stable manner, which, 
of c.oiirse, is very favourable for accurate measu- 
rements. 

15. Por the particulars of the mounting I refer 
to K'AG'A's paper (Wied. Ann. Ivii. p. 389, 1896), 



Phil. Mag. March 1897, p. 230; c.f. this collection paper I. 



The grating (best quality) has a radius of 10 ft. 
and 10.000 lines to the inch. The source of light 
used was a piece of asbestos paper soaked with 
molten salt and introduced into the flame of coal- 
gas fed with oxygen under high pressure. An image 
of the sodium flame was formed on the slit by 
means of a lens. Between the lens and the slit a 
large nicol was placed ; the distance between the 
slit and the flame being about 50 cm. Care was 
taken that there were no absorption-lines in the 
spectrum of the non-magnetized flame. 

16. The nicol was placed so that its plane of 
polarization was horizontal. With the putting on 
of the current the two lines mentioned in 14 
appear (c/. also 10). The distance between these 
lines was now measured by means of a micrometer 
eyepiece. The movable frame carries cross-wires; 
the cross resembles that of St. Andrew. For 
spectroscopic measurements this cross is recom- 
mended (see e.g. SCEEINER, Spectrdl-analyse der 
Gestirne, p. 74). Illumination of the wires Avas 
necessary. Now the position of each of the 2 X 2 
-lines formed by the ZMines was read. The differ- 
ence between two readings gives the distance 
between the centra for D and for Z> 2 in terms of 
the divisions of the screw-head (one revolution = 
100 divisions). These differences are entered in the 
following table. The electromagnet soon became 
very hot by the heat generated by the necessary 
current (22 amp.) and by the action of the flame. 
ii 
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Hence it was impossible to make more than three 
or four measurements without interrupting the 
current. 

Thirty-eight measurements give for the distance 
between DI and D* 288 divisions. The probable 
error of one measurement of the magnetic change 
is (r5 divisions for D T , 4-5 for D 2 . The results 
have the probable errors 1-5 and 1-0 divisions. The 
magnetic change is the same for the two sodium 
lilies, the difference lying within the limits assigned 
by the probable errors. The intensity of the field 
(determined by a bismuth spiral) was 22.400 C.Gr.S. 
In this field the. positive and negative magnetic 
change, of the period amounts to i 7 ~ H oo. Hence e/m 

* ~t /* 1 f\T 

is !() . lO 7 . 

Distances between the Contra in divisions of screw-head, 
for /;, 



IK 
2(> 
'15 
25 
28 
38 
42 



51 
2(> 
2(5 
25 
31 
21 



for 7> 2 
36 
30 
32 
37 
40 



26 
33 
25 
32 
28 
31 
21 
34 
35 
37 
25 
26 



1-0 



On a former occasion I have found by a rough 
measurement for the magnetic change 45^00? the field 
being 10.000 C. Gr. S. Assuming proportionality 
between change and intensity the present measure- 
ments give for the said field 39^6 . The close agree- 
ment between the result of my rough measurement 
and the new one is of course the effect of mere 
chance, for the magnetic change in the case of 
sodium depends 011 temperature 1 ), which may have 
been different in the two cases. Probably it was 
not very high in the case now considered. The order 
of magnitude of c/m is entirely the same as the 
one formerly given. 

17. The great brightness of the Groningen 
grating makes it possible to observe very nicely 
also with sodium the "triplet a", which I described 
for cadmium. If no nicol is used the exciting of the 
magnet seems to break up the sodium line into two 
lines, the phenomenon somewhat resembling the one 
observed if a nicol is used, but with this difference, 
that the darker part is not very dark and not nar- 
rowed; hence the appearance differs considerably 
from the one we are accustomed to observe with 
reversals. 

The explanation will be (as was remarked by 
Prof. HAGA to the author) that now the three 
constituents of the triplet partially overlapping one 
another, the maxima are conspicuous and the inner 



i) Phil. Mag. March 1897, p. 227, 3 and 4; c.f. this 
collection paper I. 
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part appears dark by contrast. Tims there would 
be no reversal in our case. This really seems to be 
so, as is confirmed by the following experiment. 
The above mentioned hazy dark line being visible 
a nicol was placed in the beam so as to get rid of 
light whose plane of polarization is vertical; now 
only the bright line which emits horizontal vibra- 
tions remains visible, but without the slightest trace 
of a reversal. For this observation it is of course 
very desirable to use a bright grating. I had no 
opportunity of obtaining a measurement of the 
doublet to be seen along the lines of force. 

18. A few words may perhaps be said here con- 
cerning Prof. MIOHELSON'S paper in the July 
number of the Phil. Mag. MIOH.ELSOH applies his 
beautiful method of the interferonieter to our 
subject, and there can certainly be but one opinion 
as to its particular advantages in such cases. Some 
of his results seem at first sight at variance with 
mine. Only in one case is there perfect agreement 
between MK.JHR LSON'S results and mine, viz. when 
the light is emitted along the lines of force. We both 
get a doublet in this case. MICHELSON" adds that a 
broadening is inappreciable. Evidently he means 
a broadening of the components, which I did not 
advocate, though it exists in a slight degree in some 
cases. I referred in my first paper only to a broaden- 
ing, because I had not yet resolved the doublet 
or the triplet. It is of course a proof of the super- 
iority of MICI-IELSOF'S method that with relatively 

IT 



city, whereas for me it was not so easy. 

Looking across the lines of force I have observed 
a triplet, whereas MICHELSON also for this case finds 
a doublet, though less clearly marked than in the 
other case. This certainly at first sight seems a 
great difference. I venture, however, to give the 
following explanation: 

Let us assume, not only that the visibility-curve 
is practically the same as that due to a doublet, but 
also that it is undoubtedly proved that a triplet 
cannot give a practically identical curve in some 
cases, of which I for myself am not sure at present. 
Granting that we must assent to a doublet the 
question arises whether there cannot be assigned 
another cause for the difference. I think there can. 
MICEELSON in making . his experiments was yet 
unacquainted with the particular states of polariza- 
tion in the triplet. I think that a sufficient reason 
for the difference mentioned may be found in the 
perpendicular polarizations of the outer lines and 
the central one of the triplet ( 13) or of the central 
band and the outer edges of triplet a ( 6). 

Supposing that the apparatus was arranged in a 
horizontal plane, then the reflexions (under 45) 
from the two plane plates, one unsilvered and one 
semisilverecl with a transparent film of silver, must 
weaken especially the horizontal vibrations and 
hence almost annihilate their influence. For un- 
silvered plates it is easily calculated that the in- 
ii 
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tensity of horizontal vibrations is under the cir- 
cumstances stated weakened five or six times more 
than that of the vertical ones. This ratio is of 
course, somewhat changed by the silver film. How 
much cannot be said without knowledge of further 
details. 

.If 1 have, indicated the real cause, MICHELSON has 
observed a case analogous to my triplet a, when a 
nicol is interposed in such a position as to get rid 
of the horizontal vibrations. Let us hope that Prof. 
MIC.LLKLKON will soon give us his opinion. 

Amsterdam, July 10. 

[Not ft added Anfjn^t 10.] Prof. MICHELSON 
kindly informs me, just now that he believes my 
explanation of tho discrepancy in our results to be 
correct. 



This paper \v;is first published in: Zittingsvin'shiKcn dor 
Kun. Akademie v;m Wetenschappen le Amsterdam, May 29 1 '' 11 
( i 12) and June 2(><1' ( 1U 17) 18<)7, Vol. VI, 
pp.' Ill IS and !><)- 102. A translutioii that differed only 
slightly IVom the original paper and 1o which a new para- 
graph ( IN) was added, appeared in: "The Philosophical 
Ma-'-a/inr" (. r >) Vol. XhlV (1S!)7) pp. fif) -(>() and 255259 ; 
I his version is reprinted here. 

*} pp. !)(! and 102. Aeeordintf to private iirrormation 'ivcn 
by Prof. %KKMAN to one of the editors of this reprint it 
appeared sifter the publication of this paper that the observed 
line, was in fact not the blue (M-lino (A = 480 pp) but the 



III. MEASUREMENTS CONCERNING 
RADIATION-PHENOMENA IN THE MAG- 
NETIC FIELD 

IN 12 of my paper on "Doublets and Triplets" *) 
I mentioned already that I was occupied in 
photographing the spectrum of a source of light 
placed in a magnetic field. However, it was not 
until October last that good photographs of the 
characteristic phenomena were obtained; some 
specimens were shown at the October meeting of 
the Amsterdam Academy 2 ). In order' to study 
further quantitatively the radiation-phenomena in 
the magnetic field I have made the following 
measurements. For purposes of measurement 
there are several advantages in photographing the 
outer components of the magnetic triplets, quench- 
ing the light of the middle line by means of a 
nicol. By this latter device 3 ) we also are enabled 
to measure accurately the magnetic effect in lines 
not entirely separated into triplets. 

*) Phil. Mag. xliv. pp. 55, 255 (1897) ; c.L this collection 
paper II. 

2 ) Cf. 'Nature', vol. Ivii. p. 192. That it is not very easy 
to photograph the characteristic phenomena is shown, by a 
paper in 'Nature' (vol. Ivi. 1 p. 420). The authors obtained 
only negative results. Mr. PRESTON, working apparently with 
the same grating, lias quite recently succeeded in actually 
photographing all the appearances . I have described. 
('Nature', vol. Ivii. p. 173). 

;! ) And also by the method of CORN IT (C.R. Oct. 18, 1897) 
and KOXIG (Wied. Ann. lid. Ixii. p. 240, 1897). 



I have measured negatives, obtained by means 
of a ROWLAND grating, using electrodes of various 
metals and a very strong field. The measurements, 
however, only refer to a relatively small part of 
the spectrum. I regret that it is not greater. Much 
time was lost because the grating was not mounted 
in the manner of ROWLAND, the various parts of 
the apparatus not being ready in time. Grating and 
camera-box were placed upon separate stands; it 
was now necessary to find the position of slit, 
grating, and camera-box for each part of the 
spectrum by a laborious process of error and trial. 
The dimensions of the camera-box permitted only 
the use of plates 13 or 18 centini. long. The results 
of this paper afe hence to be regarded only as 
preliminary. 1 intend to go over the measurements 
once more and to makes negatives of the whole 
spectrum, using a larger grating and the new 
apparatus, just now f hushed. 

2. Measurements of the distance between the. 
outer components of the triplet will also put to test 
the. possible, hypothesis, thai; it, is only one kind of 
ions, having charges proportional to their effective 
masses, that are free to vibrate in the. atom or 
molecule. On such an hypothesis, in a definite 
field the intervals between the outside; components 
of the triplets should be (measured in change! of 
wave-length) proportional to the square, of the 
wave-length or (measured in difference of fre- 
quency') the same for all lines of the spectra of all 

IU 
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substances 1 ). The measurements communicated 
prove that or different substances the magnetic 
change is at least of the same order of magnitude, 
and certainly not directly dependent upon the 
atomic weight. The variation of the phenomenon 
with wave-length, however, seems more complicated 
than follows from the hypothesis mentioned, and 
in fact in LOKENTZ'S theory there is no a priori 
reason to be given for its probability 2 ). 

3. The ROWLAND grating used was one of radius 
6 feet and 14,438 lines to the inch. The second 
spectrum was used in most cases. With a medium- 
sized induction-coil and one large ley den- jar twenty 
minutes exposure was sufficient in the most 
sensitive part of the spectrum. Pure metals were 
used as electrodes. In each position of the appa- 
ratus always two (and often several) negatives 
were taken, one with and one without the magnetic 
field. The plates used were CADETT and NEAL and 
MARION instantaneous; they were developed with 
hydroquinone. In some photochemical difficulties 
Dr. ERNST COHEN was kind enough to give me his 
assistance. 

The lines on the plates were identified by com- 
parison with the solar spectrum. The negatives 
were measured on an ordinary dividing-engine, 
with a microscope reading directly to 1 /i o of a 

' *) BECQUKKEL, C. R. Nov. 8, 1897 ; LARMOR, Phil. Mag. vol. 
xliv. p. 503, 4 (1897). 

2 ) LORENTZ, Wiod. Ann. Bd. Ixiii. p. 278 (1897) ; LAKMOK 



millimetre, or by estimating the tenths of divisions 
on the head to 1 / 1 of a millimetre. The accuracy 
of the measurement of the interval between the 
components of course largely varies with the metal 
used as electrode. In a spectrum with sharp lines, 
for instance that of zinc of cadmium, this interval 
can be measured with an accuracy exceeding that 
of the magnetic measurements in our case. In the 
case of other substances, for instance copper or tin, 
the lines are so hazy, or of so small intensity, that 
it is only possible to make an estimation. 

As an example of the accuracy obtained when 
magnetic triplets resulting from bright sharp lines 
are measured by means of the microscope of the 
dividing-engine, I will give some measurements 
concerning the line 4722 of the spectrum of zinc. 
The numbers in the following table are the readings 
( 1 / 1 of a millimetre) on the head of a micrometer- 
screw when the first and the second component 
respectively was under the wire. 
Determination of Distance between the Outer 
Components of the Triplet. (Zinc, X = 4722.) 
Component I. Component II. 

28-8 49-8 

28-8 48-7 

28-9 49-9 

28-2 49-5 

28-8 48-7 

28-2 48^ 

Mean l&G 49-3 

Difference = 20-7 X Vioo millim. 

in 



On the negative 1. millim. corresponded to about 

o 

4-41 Angstrom-units. 

The following results were obtained concerning 
lines in the blue, violet,. and ultra-violet part of the 
spectrum. 

4. Zinc. The following tables contain under 
A the wave-lenghts of the spectral lines. The 
meaning of the different columns will be clear from 
the headings. The intensity H of the magnetic 
field was measured by means of a bismuth spiral. 
There is a slight uncertainty in the value of H, the 
temperature-coefficient of the bismuth wire not 
being accurately known. 

Distance between 

components in Scale of Order of 

A 1 / 100 millim. negative, spectrum. H. 

4811 18-6 1 millim. 2 32 . 10< l 

4722 20-7 = 4-41A.U. 

4680 25-1 

3345 Imperceptible 1 millim. 3 32.10" 

3303 == 2-94 A.U. 

3282 

It appears,- as is also indicated in the table, that 
some lines are not changed under the influence oi: 
the field, or at least so little that the magnetic 
change, if it exists, is extremely small 1 ). It 
deserves to be noted that between the first throe 



l ] Cf. LoffEN'rz, 1. c. p. 284. 

m 
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lines in the table clearly showing the magnetic 
change, and the last three not showing it, there 
exists also another interesting difference. Indeed, 
the first are the group of three lines resulting from 
KAYSER and RUNGE'S second subordinate series for 
the value 3 of the coefficient n in their formula 1 ). 
The second group of three lines follows from the 
first subordinate series, n being 4. Further inquiry 
must decide whether all lines of the first series are 
not influenced, only those of the second being 
changed. 

5. Cadmium. 

Distance between 

components in Scale of Order of 

A Vioo niillim. , negative, spectrum. H. 

4800 22-0 Imillim. 2 32 . 10 3 

4678 24-2 = 4-41A.U. 

These are lines of KAYSER and BUNGE'S second 
subordinate series 2 ), n being 3 (c/. zinc). The 
line 5086, also of this series, unhappily could not 
be measured, being situated too near the border of 
the negative. 

6. Copper. The lines of the copper spectrum 
are, at least between 4800 and 4300, so hazy that 
they could not be measured. A rough estimation 
of some, lines gave about 30 himdredths of a milli- 
metre for the distance between the components. 



') KAYSKK u. RUNUE, Wiecl. Ann. Bel xliii. -p. 394 (1891). 
2 ) KAYSER n. RUNGK, 1. c. p. p. 399. 

ni 



Distance between 

components in Scale of Order of 

A V 100 millim. negative, spectrum. H. 

4585 =t35 Imillim. 2 32 .-10 3 

4525 Imperceptible = 4-46 A.U. 
4447 ? 
4184 =t ? 

The lines of the tin 1 spectrum are very feeble. 
With the magnetic field off, the lines indicated in 
the table all clearly appeared on the negative after 
an exposure of 15 minutes. Exposing, however, 
with the field on, only the first two lines were on 
the plate, notwithstanding that the time of exposure 
was prolonged to 23 minutes, the other circum- 
stances being the same as before. Apparently the 
first and the last . two lines undergo a magnetic 
change; the last lines (being the feeblest) did not 
impress their components on the plate. The com- 
ponents of 4585 were so feeble that they disappeared 
if looked at through the microscope. For this reason 
I have made a scratch at each of the components 
by means of a needle, and have measured the 
distance of these scratches. 

Amsterdam, December 31, 1897. 



This paper is a reprint from: "The Philosophical Magazine" 
(5) XLV (February 1898) pp. 197201. The substance of it 
was published for the first time in: Zittingsvcrslagcn der Kon. 
Akademie van Wetenschappeii te Amsterdam, October 30 111 and 
December 24 1897, Vol. VI, pp. 260262 and 408411. 
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IV. ON AN ASYMMETRYIN THE CHANGE 
OF THE SPECTRAL LINES OF IRON 
RADIATING IN A MAGNETIC FIELD 

IT is known that in the elementary treatment of 
the influence of magnetic forces on spectral lines 
according to LORENTZ'S theory it is sufficient, if 
only one spectral line is considered, to suppose that 
in every luminous atom is contained one single 
movable ion moving under an attraction propor- 
tional to the distance from its position of equi- 
librium. All motions of such an ion can be resolved 
into linear vibrations parallel to the lines of force 
and two circular vibrations, right-handed and left- 
handed, perpendicular to the lines of force. The 
jjeriod of the first mentioned vibration remains 
unchanged, those of the last are modified, one being 
accelerated and the other retarded. The doublets 
seen along the axis of the field, the triplets seen 
across it are in this manner simply explained and 
also the observed polarisation phenomena. Besides 
we must expect according to the theory that the 
outer components of the triplet are of equal intensity 
and likewise the two circularly polarized com- 
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-ficient to direct the molecular currents assumed in 
the ionic theory of magnetism *), favour the circular 
vibrations more than those along the lines of 
force 2 ). If this be assumed we are also compelled 
to admit that the revolution of the ions takes place 
more in a given direction than in the contrary. 
Hence then there must be a difference of intensity 
between the two outer components of the triplet 
and between the two components of the doublet. 
Although the ordinary magnetism of the highly- 
magnetic substances has probably disappeared in 
the spark, it seems rather natural to examine in 
the first place iron, nickel and cobalt in search of 
a phenomenon in which the "molecular currents" 
of AMPERE (or that part of these currents, which 
is produced by the motion of the light-ions) would 
manifest themselves optically. However, it seems 
to me by no means decided beforehand, that other 
substances would not exhibit something of this 
kind. I have however investigated in the first 
place iron. 

The first results obtained were very promising. 
In the field used several of the iron lines exhibited 
on the negatives a more intense component at the 

J ) cf. RICHARZ. Wicd. Ann. 52, p. 385, 410. 1894. 
2 ) cf. LORENTZ. Yersl. Ak. Amsterdam, October '97, p. 213. 
[It was pointed out by LORENTZ in the article referred to, that. 



less, refrangible side of the spectrum. Further 
inquiry, has however shown that this seemingly 
positive result seems to be of no value. I will give 
the results of my experiments only in abstract. 
Before describing them, it may be remarked, that, 
if a directing influence, as mentioned, exists, we 
must expect that the component at the less refran- 
gible side must be intensified in. the case of the 
triplet as well as in that of the doublet. The sign 
of the charge of the ions cannot have any influence 
upon this result. 

2. Negatives were taken in the spectra of the 
third and second orders obtained by means of a 
ROWLAND grating (radius 10 ft., 14,438 lines to the 
inch). The part of the spectrum between 3000 and 
4000 A. IT., when viewed in the two principal 
directions across and along the lines of force, was 
studied with special care. The vast majority of the 
iron, lin.es were, with the field used, resolved into 
doublets, triplets, quadruplets, etc.; only three 
or four lines seemed unaffected. Now I found in 
the case of a few lines inequality between the outer 
components of a triplet across and of the corres- 
ponding doublet along the lines of force. On the 
negative the component at the red side of the 
spectrum was darker, independently of a commu- 
tation of the current. Of course the difference of 
intensity is dependent upon the time of exposure. 
Upon some of the negatives the difference was for 
a special line perhaps 50 or 100 percent. 

IV 



However it was plain enough, that the outer com- 
ponents of the triplets and also the two components 
of the doublets were, in the case of the strong iron 
lines, of equal intensity. Now in the case of feebler 
lines, one of which we will call L, perturbations 
will be possible due to the overlapping of one of the 
components of a "normal" triplet or doublet and a 
feeble line, say but slightly affected by magnetism. 
The latter line can (1) be present near L in the 
same spectrum; or (2) belong to a spectrum of 
another order from the line L ; or (3) by the very 
presence of the field a special line may become 
relatively to other lines more intense or a new line 
may be produced. By taking negatives with dif- 
ferent fields it will, of course, be possible to avoid 
difficulties from these three causes, at least if the 
supposed line is narrow. "We can, however, by taking 
also negatives in absence of the field exclude (1), 
and by taking negatives in spectra of different 
orders or by cutting off any interfering spectrum 
through the use of absorbents, (2). Having done 
this, it appeared that case (3) also sometimes 
occurs ; the intensity of the iron lines- relatively to 
the air lines varies considerably. New lines appear, 
at least lines absent on negatives taken with the 
field off became distinctly visible, while the in- 
tensity of the field was still insufficient to resolve 
the lines into triplets, etc. 

The last mentioned perturbation is of course most 
deceptive. Using however fields of varying inten- 

IV 



121 

sities, I could avoid perturbation (3). Excli 
however (1), (2), (3), only triplets, doublet 
remained, which, I think, can only be called 
symmetrical. Hence up to the present time 
is no evidence of a directing influence o 
magnetic field on the orbits of the light-ions 



This paper was first, published in : Zittingsve.rslaj; 
Kon. Akadcmic van Wetensdiappen te Amsterdam, Ju 
1898, Vol. VII, pp. 122124. A translation, which h 
reprinted here, appeared in : Proceedings Royal Ac-ad 
Sciences at Amsterdam, Vol. I, pp. 98 100 and in: 
physical Journal IX. (1899) pp. 4749.. 



cf. PRESTON, Phil. Mag. Vol. 45, p. 333. 1898. 



V. SOME OBSERVATIONS CONCERNING 
AN ASYMMETRICAL CHANGE OF THE 
SPECTRAL LINES OF IRON RADIATING 
IN A MAGNETIC FIELD 

IN observing spectral lines resolved into triplets by 
the action of the magnetic field, one is certainly 
'struck by the symmetrical position and the equal 
intensity of the outer components of these triplets. 
There are especially in the case of iron not a few 
of the stronger lines, which seem to represent ideal 
cases of triplets, as originally predicted by 
LORENTZ'S theory. It is only after more attentive 
inspection that several faint triplets are seen in 
which one of the outer components is apparently 
more intense than the other. On a former occa- 
sion 3 ) I pointed out that there were reasons for 
expecting triplets with a more intense lateral com- 
ponent toward the red. In strong fields I noticed 
a few. I could show however that most of these 
asymmetrical triplets were due to superpositions 
and I concluded that we had no evidence of a 
directing influence of the magnetic field 011 the 
orbits of the light-ions. No more was done upon. 
this subject. 

2. Some time ago Prof. VO.TGT of Gottingen 
kindly communicated to me that he had deduced 

*) Proceedings Roj'al Academy of Sciences at Amsterdam, 
June 1898. Astrophysical Journal, Vol. 9. Jan. 1899 ; c.f. this 



123 

from theory that normal triplets must show in 
iveak magnetic fields a remarkable asymmetry viz. 
the outer component toward the red has the greater 
intensity) the outer component toward the violet has 
the greater distance from the original line. In low 
fields these asymmetries will preponderate, disap- 
pearing however in strong fields 1 ). 

It has given me much pleasure to undertake at 
Prof. VOIGT'S request a testing of this result, of 
his. theory. 

I made these observations the more willingly now 
I was in possession of a beautiful concave grating, 
which Prof. ROWTAND with kind courtesy has 
examined and selected for me. The grating is, like 
the 1 , one lent from the Leyclen laboratory, ruled with 
14438 lines to the inch and has a radius of about 
I? M. The resolving power of the present grating 
is however superior to that of the one formerly 
used. Negatives now were taken generally in the 
second order. 

3. I tried to study by eye observation, using the 
spectrum of the first order, the inequality of the 
outer components. Iron terminals (all following 
facts relate to this substance) were used. A NICOL'S 
prism Avas placed before the slit with its plane of 
vibration vertical, in order that the outer compo- 
nents of the triplet only were visible. 



*) VOIOT'S paper will he pviblished shortly in "Wiedcmann's 
Ann. under the title: ,, Dissymmetric der ZEKMAN 'sclien 
Triplets". 



124 

But notwithstanding the lateral components were 
but slightly separated and therefore the circum- 
stances, and as to intensity of the field' and as to 
facility of comparison, very favourable, I could not 
conclude to an indubitable inequality of the outer 
components. It may be that the flickering of the 
spark interferes rather infavourably with these 
observations. 

4. I had more success with the photographs 
taken. I studied the spectrum .of the second and 
third orders; between 3400 and 3900 tenth metres 
in the second and a somewhat smaller part in tho 
third order. 

I did not introduce a nicol between the spark 
and the slit. The strength of the field may be*, 
roughly characterized by the statement that about 
two thirds of the more intense lines were resolved 
into triplets or quadruplets (showing with the field 
used for the greater part as doublets) . It was now 
possible to look for inequality of intensities and at 
the same for asymmetry of the distances. Excluding 
the lines where the before mentioned perturbations 
interfered 1 ), I have found several lines, whicli 
showed the asymmetries predicted by YOIGT; it is 
true, in a very small degree. Some lines showed 
the asymmetry of the intensities only or of tho 
distances only, but other lines the two asymmetries 
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at the same time. The phenomenon is however 
extremely small. 

The difference of the distances between the com- 
ponents toward red and toward violet and the 
original line never exceeds a few percent. 

For the moment I will not communicate the 
amount of the asymmetries of different lines. 
Either both or one of the asymmetries are shown 
by the following lines: 

3498.00, 3687.60, 3709.40, 3735.01, 3763.91, 

3878.71 !). 

5. As the outer components of quadruplets 
behave in a normal manner I have looked for an 
inequality of intensity between these components. 
The field used was somewhat stronger than the one 
mentioned in 4. There was a difference in the 
expected sense in the case of the lines: 

3466.01, 3475.61, 3705.73, 3722.73, 3872.65. 

Moreover 3466.01 and 3705.73 showed a displace- 
ment toward the violet of the mean of the outer 
components relatively to the mean of the inner ones. 
This result is confirmed, at least for 3466.01, by 
an observation of REESE: "but the most careful 
measurements that I could make indicated a possi- 
bility that in the case of 3466.0 the mean of the 
inner pair is a trifle further toward the red than 



x ) The wave-lengths of the spare-spectrum according to 
EXNER and HASCHEK. 
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that of the outer pair 1 ) ". YOIGT 's developments 
only refer to triplets, but, I think, we may consider 
also these observations concerning quadruplets as 
indications in favour of the theory. 

6. The line 3733.46 is so modified as to be a 
triplet, the component toward the violet being at 
a smaller distance from the original line than the 
component toward the red. There seemed to be no 
inequality of intensity of the outer components. 
Of the triplet 3824.58 the component toward the 
violet is apparently more intense than the com- 
ponent toward the red. It does not seem to me 
very probable that in the last mentioned ease there 
is some perturbation by the presence of the air- 
line 3824.4 (NEOVITJS), because the component is far 
from hazy and the air-line very faint. It is invisible 
upon a negative taken with a very low field but 
with a time of exposition equal to that used in taking 
the negative with the more intense component 
toward the violet. 

It must remain for further inquiry to decide 
whether these observations must be explained by 
an extension of theory or by some perturbating 
cause not yet taken into account. 

7. From the mentioned observations we may 
draw, I think, the conclusion that the observed 
asymmetries are very probably real. The extreme 



a ) Notes on the ZKEMAN-Effect. Johns Hopkins Un. Circular. 
June 1899, N. 140. Phil. Mag-. Sept. 1899. 
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minuteness of the asymmetry makes it desirable 
however to establish further its reality. I hope to 
do this in a future paper. 

Finally it is to be observed, as was remarked to 
the author by Prof. VOIGT, that my observation 
does not decide between his. theory and that of 
LOKENTZ, but confirms the common basis of both 
theories x ). 

[Addition of Jan. 15. I have lately found that 
in the case of the triplet and quadruplet of cadmium 
4678 and 4800, and the triplet and quadruplet of 
zinc 4680 and 4722, the outer* components toward 
red are decidedly more intense than the components 
toward violet. Measurements of the distances were 
not yet made. 

The line 3733 mentioned in 6 happens to be 
one of the lines showing " reversed polarisation". 
.Probably this deviation from the normal polari- 
sation will account also for the reversed asymmetry 
of the distances. 

I doubt however at the possibility of the suggested 
explanation in the case, of a few other lines, lately 
examined, and which apparently exhibit the 
behaviour mentioned in the beginning of 6.] 



This paper was first published in : Zittingsverslagen. der 
Kon. Akademie van Wetenschappen te Amsterdam, December 
30*11 1899, Vol. VIII, pp. 328331. A translation, which has 
been reprinted here, appeared in : Proceedings Royal Academy 
of Sciences at. Amsterdam, Vol. II, pp. 298 301. 



VI. WEITBRES ZUR UNSYMMETRI- 
SCHEN AENDERUNG DER SPECTRAL- 
LINIEN IN EINEM MAGNETFELDE 

VON VOIGT 1 ) 1st theoretisch entdeckt worden, 
dass die Triplets in welclie durch die Einwir- 
Imng eines Magneti'eldes, bei Beobachtung senkrecht 
zu den Kraf tlinien, viele Spectrallinien zerlegt wer- 
den in schwacheii Eelderii ei.ne Dissymmetric zeigen 
miisseii. Die nach Rot hiii liegende Componente 
soil die starker e sein, der Abstand aber cler nach 
Yiolett Mn liegenden Componente von der mittleren 
grosser, als derjenige der nach Rot nin liegenden. 
In starken Eeldern sollen beide Dissymmetrien 
verschwinden. 

Ich habe an einigen Eisen- mid Zinklinien diese 
Resultate der Theorie gepriift mid, wie ich glaube, 
bestatigt gefunden 3 ). Da iiidesseii die gefundene 
Dissymmetrie ausserordentlicli goring 1st, so schien 
es mir erwiinscht die Untcrsiichung fortzusetzen 
und noch welter die Realitat eiiier Ersclieimmg 
zu bestatigen, welche zu den Theorien von LORENTTZ 
und von VOIGT in eiiiem boson dereii Verhaltnisse 
steht 3 ). 



x ) VOIGT. Ueber cine Dissymetrie der ZEEMAN 'sclien nor- 
malen Triplets. DRUDE'S Aiinalcn. 1. p. 376. 1900. 

2 ) In VOIGT 1. e. p. 386. und Proc. Kon. Ak. v. Wet. Amster- 
dam 30 Dec. 1899. 

3 ) VOIGT I.e. p. 384. LORENTZ. Physik. Zeitsclir. I, p. 39. 
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Dissyrnmetrien in demselben Sinne sincl aueh 
von REESE 1 ) gelegentlich einer nicht absichtlich 
darauf gerichteten Untersuchung beobachtet 
worden. 

Nach Abfassiuig meiner obengenaunten Arbeit 
habe ieh nock viele Messungen an Negative ange- 
stellt, worauf sich Triplets vorfancleii und im 
Allgenieiiien die friiheren Resiiltate bestatigt ge- 
funden. Die Negative wurden mit einem 
ROWLAND 'schen Critter aufgenonimen welches naeh 
dem ROWLAND 'schen Plane aufgestellt war. Der 
Funkeii desseii Spectrum erzeugt wurde, sprang in 
einem moglichst lioniogeneii Felcle liber, und es 
wurden clann Negative bei einigen wenigeii Feld- 
starken aufgenonimen. Es liegt aber gerade darin 
eiii Nacliteil der befolgteii Methode. Es kommen 
niimlich auf einer Platte immer nur sehr wenige 
Triplets vor, die eben zerlegt sincl, wobei also die 
Dissymmetrie am erstexi zu erwarten ist ; die breite- 
ren Linieii sincl iioch nicht, die feineren schon zu 
weit getrennt. 

Es scheint fiir unseren Zweck claher besser eine 
ausgedehnte Lichtquelle zu benutzen, welche in 
ihren verschiedeneii Teilen verschieden starken 
magnetischen Kraften ausgesetzt ist. 

Man kaiin clann das Spectrum der verschiederi.cn 
Teile der Quelle untersucheii inclem man eiii Bilcl 
derselben auf clem Spalt cles Spectral-apparates 
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entwii.it. Als soldier 1st aber ROWLAND'S Apparat 
nacli (lessen Plant; aufgestellt das ungeeigneteste 
.Instrument, welches man wahlen kami, da es die 
in einigen Ilinsichten gerade so vorteilhafte Eigen- 
sdiai't besitzt das von eiiiem Punkte des Spaltes 
uusgehende Liclit zu einer Linie auszudehnen. 
Wegen dieses Astigmatismus inischt es aber die 
Spectra cler verschiedeiien Stellen der Quelle wieder 
dureheinander. 

2. IlujsraK und PASCiHiN 1 ) liaben darauf auf- 
nu'i-ksam geinadit, dass wenn parallelles Licht auf 
das Ooiicavgittc.r fiillt, und sich also der Spalt im 
Bi'cnupunkt oiiuvu Ijinse befindet, man die Disper- 
sion etwa auf die HaKte rcducirt aber erne ver- 
vk'i'fadite llelligke.it bekommt und zugleich. den 
\'ort(ul hat, dass in der .Naho des Brennpimktes 
das Bild dtis Spaltos, wie die Glttertheorie zeigt, 
sti^iuatisdi Jst. 

Nac,h KowhAND 2 ) 1st der Eadiusvector der 
I<\>c.alkurvo 

___ Jt p cos' 2 |tt ,, v 

R (cos p + c.os 7) - p cos' 2 7 

falls der Hi-sprung in der Mittc d(vs Gitters gewiihlt 
wivd. Ks IxuUmte.n in dieser '.Fornuil, y. der Winkel 
/Avisdieu r und doni Kriinnnungsradius p des 



M HUMJK und PASOHKN'. lUshcr die S(!ilnspcct.Ta der Elc- 
mcnlc Sau(!i-sl()IT, Schwcfcl uud Solon. Wicd. Ann. Bd. 61 
ii (5.11 1H!)7. 
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Critters ; E und 7 sincl die Coordinaten der Licht- 
quelle. 

>ei der Anordnung von RUNGE und PASCHEN 
1st R = n, also 

r=ss pcosV_ .............. 

COS /C4 -+ COS ? 

Die Halblange c des astigmatischen Bildes 1st 1 ) 



c=-z + z 1 /> (cosy + cos g) 1 ...... , 3) 

V P R 

woselbst die halbe Sehne ist eines Durchschnittes 
des Gritters mit einer Ebene, welche durch den 
Ki'lirn.irLiingsmittelpiinkt, die Mitte des Gitters und 
parallel den Purcheii gelegt ist. 
Es wird (3) fiir B = & 



v ] - 



p 
odor nach (2) 

c= z -h z cos p (5) 

c kann also Null werden und zwar fiir p. = 0, 
d. li. falls man in der Normale des Gitters be- 
obaclitet. 

3. Eiii grosses ROWLAND 'sches Gitter von 15 cm. 
l_>iircliirLesser und etwa 6.5 M. Radius habe ich in 
dor angegebeneii Weise aufgestellt. Das einfallen- 
de Ijiditbiiiidel war dadurch parallel gemacht, dass 



a ) MITCHELL. Johns Hopkins Un. Circulars. Nr. 135. 
p. 57. 1898. 



braeht wurde 1 ), wodurcli die chromatische Aber- 
ration und die Absorption beseitigt wird. Als Hohl- 
spiegel diente ein Teleskopspiegel von 15 cm. 
Oeffnung und 2.20 M. Radius. Man muss dafiir 
Sorge tragen, dass das Licht moglichst normal den 
Spiegel trifft sodass das vom Spiegel reflectirte 
Licht genau parallel wird. Abweicnuiigen von der 
Parallel litat machen sicli gleich in einer Verschie- 
denheit des Focus fiir horizontale und verticale 
Linieii bemerkbar. 

Es ist ein Nachteil dieser Anordnung, dass Gitter 
und Camera iiiclit mehr f est verbundeii sein kb'mien. 
Man muss fiir jeden Teil des Spectrums die richtige 
Position der Camera von Neuem aufsuchen. 

4-.. Selir intcrcssant ist es mit der bescliriebenen 
Aufstellung eine zwischen den Magnetpolen befind- 
lichc und sich ausserhalb des Zwischenraumes fort- 
setzendc Natriumflamme zu beobaeliteii. 

Sehr geeignet dazu ist die Q-as-sauerstoffflamme, 
welch e bei sehr geringen Querdimensionen eine 
grosse Liingc und clocli grosse Stabilitat habeii kann 
nncl worin man die Quantitat des Natriums leicht 
durch Einfiilirung eines gllthenclen Glasstabs 
regulirt. In verschiedener Hohe des Gesiclitsfeldes 
sieht man die verschiedeneii Phasen des Phanomens 
bei Anderung der Peldstarke. Nach Beseitigung 
der rnittleren Linieii des Quadruplets der Linie 



PASOHEN. Wiod. Ann. Bd. 48. p. 272. (1893). 
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D! durcli einen Nicol kann man die Intensitat der 
ausseren Liiiien vergleiclien. Ich habe bisweilen 
geglaubt einen Unterschied der Compoiienten in der 
von der Theorie geforderten Richtmig direct be- 
obachten zu koimen. Es ist nun aber allbekannt 
wie leiclit man bei ahnlichen Beobachtungen Selbst- 
tausehungen ausgesetzt ist. Ich hatte noch koine 
G-elegenheit Negative der D-Linien unter den be- 
schriebenen Umstande anzufertigen. 

5. Ausser Flanimen eignen sich anch Metall- 
dampfc in GrEissLER'schcn Rohren vorziiglich zu 
unserem Zweck. Ich habe Versuche mit evacuirten 
Rohren angestcllt, worin sich ein Tropfen Qneck- 
silber bef and und deren Kapillare etwa 8 cm. Liingo 
hatte. Bei Erhitzung mit einer kleiiien Flamine 
geben diese Rohren sehr lichtstarke Spectra, die 
hauptsachlich aus einer blauen, einer griincn und 
zwei gelben Liiiien bestehen. 

Bio blauc Lime (4359 A. E.) habe ich sehr leie.ht 
photographiren komicn. Leider aber findet die 
YoiGT'sche Theorie darauf keine Anwendung w\\ 
die Liiiie in sehr complicirter Weise durch das 
Magiietfeld beeinflusst wircl 1 ). 

6. Yersuche mit Gadmiumrohren sincl im Gauge. 
Sehr lange Funken zwischen Cadmium und Zink- 
electroden konnte ich nicht erhalten ohne zu 
gleicher Zeit die Querdimensionen grosser als die 
Ausdehnnng meines Magnetfeldes zu machen, wo- 



135 

durch die gewiinschte Homogenitat des Feldes in 
eiiier bestimmten liichtuiig storend wird. 

Wolil aber gelingt es die Fmikenlaiige ninreichend 
gross zu wahlen um verschiedene Trenmmg der 
Componenten beobachten zu konnen. 

Nacli Beseitigung der mittleren Componente 
durch einen Mcol gelingt es daim bei den blauen 
uiid griinen Ziiik- und Cadmium-Linien., die ich in 
eiiier Note zu meiiier vorigen Mitteilung naiinte 1 ), 
direct eine Bissymmetrie der Intensitat zu be- 
obachten. Eine Ausmessung der Negative muss 
noch stattfinden. 



Diesc AbhandluiiK it cin Ncudruck aus: Archives Neeiian- 
daises des sciences cxactes ct nuturellcs (2), 5 (1900) (Livrc 
jub. dec!, a H. A. LORTSNTZ) pp. 237241. 



J ) Proe. Kon. Ak. v. Wet. Amsterdam, p. 301. 1899/1900; 
Abliandluuu- V dicser Sainmluiig. S. 127. 



VII. SOME OBSERVATIONS ON THE 
RESOLVING POWER OF THE MICHEL- 
SON ECHELON SPECTROSCOPE 

ON a recent occasion a ) I have given a few 
observations on this subject. The acquiring 
of some new data induces me to return to it in 
this place. 

In his "Investigations in optics" Lord RAY- 
LEIGH 2 ) expressed the wish that spectroscopists in 
possession of powerful instruments would compare 
the actual resolving power with that of which they 
are theoretically capable and remarked that a care- 
fully arranged succession of tests of gradually in- 
creasing difficulty would be of especial value. 

I remembered these remarks as I tested the very 
original echelon, invented by MICHELSOKT. 

The echelon at my disposition, made by HILGER, 
London, consists of thirty plates each about 7,8 m.m. 
thick, made of light f lint-glas, set with 1 m.m. steps. 
A clear aperture of 1 m.m. is left beyond the width 
of the largest glassplate. The number of apertures 
n, operative in the formation of the spectrum is 
hereby one more than the number of plates. The 
mounting was somewhat improvised. Telescope and 
collimator belonging to a KIRCHHOFF spectroscope 



x ) BOSSCHA. Collection of Memoirs. Archiv. Neerl. ser. II. 
T. 6. n. J119. 1901. 



were employed. The telescopes had object-glasses of 
50 cm. focus and 38 m.m. aperture. It is evident 
that in order to get greater intensity, glasses of 
shorter focus would have been preferable. 

Denoting by d\^ the difference of wave-length of 
spectral lines when they are just distinguishable as 
separate in the spectroscope, by t the thickness of 
the plates of glass, and by n the above mentioned 
number, then we know 



if 



The resolving power is given by 

A knt 



For the green line X = 5460 A. U. we obtain in 
the case of our echelon r = 5 460 ' 1Q -V = 280000 and 

q t _ ~h. 3 ; 6. 10-. 
A 

Iii the calculation of k I used the following values 
of the refractive indices given to me by HILGER 

/x c = 1.5713 
l* D = 1.5753 
1& F = 1.5853 
fa = 1.5936 

Henceforth I will denote by q t the theoretical 

VII 
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value of the limit of resolution calculated according 
to (1), by c[ e the experimental value. By means of 
a HOFFMANN direct vision spectroscope the light of 
the vacuum tubes (driven by a RUHMKORFF) under- 
goes the necessary preliminary analysis. In some 
cases absorcling media were therefore sufficient. In 
some experiments the mercury arc-lamp of FABRY 
and PEROT was used. 

2. The very intense green (5460) line of 
mercury was investigated first. Using the echelon 
in a position in which two strong lines of equal in- 
tensity corresponding to successive orders of the 
radiation were visible, I could distinguish also 5 
faint, very narrow lines between the principal ones. 
The distance between two pairs of these lines was 
very small. 

As I could not find a table of the wave-lengths 
of these feeble radiations, I addressed myself to 
Messrs PABRY and PEROT. I am very much obliged 



-9.5 0*1.5 



>J5 



to Messrs PEROT and FABRY for their kindness to 
investigate for me anew the green, radiation of the 
mercury arc in vacuo. 

VII 
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The following scheme represents the constitution 
of this very complex radiation according to their 
observations. The ordinates are approximately 
proportional to the intensities. 

The given numbers are only approximate, espe- 
cially (14) and (9,5). 

The radiation (-f- 1,5) was observed by FABRY 
and PEROT only in the radiation of a MICHELSON" 
tube ; it is too approximate to the principal radia- 
tion to be seen separately in the arc light. In the 
photographical reproduction in the Astrophysical 
Journal *) of the interference fringes of the green 
mercury line the radiation ( 41) coincides with 
the radiation (-f- 15) and is therefore invisible. 

I could distinguish very clearly the radiations 
(9,5) and ( 14) as separate lines. For these 

radiations q = ~-= 4.5.10~ 6 or r = 222000 and 

A 

hence q f rather smaller; calculation gave q t 
3,6. 10-. 

Using the green line of thallium -) I extremely 
easily distinguished the faint radiation at a distance 

- 21.10~ G from the principal radiation, but I 

A 

could not see as a separate line the one determined 
by y = 3.10- 6 . 
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Hence q e exceeds 3.10~ 6 but is smaller than 
21.10- 6 . 

Indeed for the thallium radiation (5440) 

5440.10-^ 



6 



t ~ 0,63.31.7,8 ~ ' ' 

For the green (5086) line of cadmium it was just 
possible to see that this line is a double one. The 
distance of the components is according to FABRY 

and PEROT ~ = 5.10- 6 . 1 ) For \ = 5086 I calcu- 

A 

late q t 3,2.10~ 6 . Hence with the mentioned eche- 
lon it is possible to almost reach the limit of the 
theoretical, resolving power. 

3. Perhaps the best series of tests of gradually 
increasing difficulty can be obtained by observation 
of the change of spectral lines in magnetic fields 
of gradually increasing intensities, a nicol between 
source and apparatus being used in order to reduce 
the complexity of the radiation. In this manner all 
values between e.g. 0.001 A. IT. to about 1 A. IT. 
can be obtained. Corresponding herewith are the 
values q t 0,2.10~ 6 and r = 5 000 000 resp. q t 
200.10~ 6 and r = 5000. The performances of eche- 
lons and interferometers and of ordinary spectro- 
scopes with a few glass prisms lie between the limits 
indicated. This test I have not yet applied syste- 
matically to the mentioned echelon. 
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111 order however to show its fitness I will use 
sonic observations oi! Lord HLYTIISWOOD and Dr. 
MAKCHA.NT '). .In their (j Results obtained of 
the /KKMAX Effect on the, <>hief Lines of the 
Mercury Spectrum" p. IW7 these authors commun- 
ieate observations with an echelon spectroscope 
concerning the difference in wave-length between 
the components of the outer components of the 
sextet of the blue (4;jf>H) line of mercury. The fol- 
lowing 1 table is an extract ( d 1 /^ in A, U.). 



0.0f>2 
O.OUHV 
0.00 
O.OOH 



For a value of the field between 11()() and 12.1)00 
the split tint 1 ; up of the lines becomes sufficient, to 
make them appear as separate lines/;// a ftholoffrdph, 
(upon uhich the measurements were taken). Two 
lines can of course be seen separated at a, considc. 
rabh smaller distance. 

Thn, iiou / ..,?[* II,!). 10 (l and ^consider- 

ably ,-in;dh-r. P'oi* the echelons of these observers 
\\ e ha\ c / 7..), n 1 ">. 

With tlit-M- data 1 calculate </, : . r>,:{. 10 () . 



142 

Thus it appears from the data given in this paper 
that it is possible to manufacture echelons, perfor- 
ming nearly as well as they are theoretically 
capable. 



This paper was first published in: Zittingsverslagcn der 
Kon. Akademie van Wetenschappen te Amsterdam, November 
30th 1901, Vol. X, pp. 298302. A translation, which has been 
reprinted here, appeared in: Proceedings Royal Academy of 
Sciences at Amsterdam, Vol. IV, pp. 247 251. 



VIII. OBSERVATIONS ON THE MAG- 
NETIC ROTATION OF THE PLANE OF 
POLARISATION IN THE INTERIOR OF 
AN ABSORPTION BAND 



difficulties of a complete theory of emis- 
JL sion are partly avoided in a treatment beginning 
with the absorption, and this may have been the 
reason why VOIGT 1 ) has followed this procedure, 
though it must be granted that in his method an 
explanation of the mechanism of the phenomena 
as in LORENTZ'S theory cannot be given 2 ). In 
VOIGT 's theory the separation of a spectral line by 
the action of a magnetic field is found as the 
separation of an absorption line. 

Some particulars in this separation were anti- 
cipated by this theory 3 ) and confirmed by experi- 
ment 4 ). 

The long known phenomenon of the rotation of 
the plane of polarisation and the magnetic separa- 



a ) VOIGT. AVied. Ann. 67, p. 345, 1899. 

z ] For a comparison of the advantages of the theories of 
LOKUNTZ and of VOIGT, see LOREKTZ. Rapports, congi'es, 
Parks T. II L. ]>. 1(>, 33, 1900 and Phys. Zeitschr. 1. p. 39, 1899. 
cf. also PLANCK. Sitz.bcr. Ak. Berlin, p. 470, 1902. 

3 ) VOIGT. Drudc's Aim. 1, p. 376, 1900. 

4 ) ZEEMAN. Versl. Akad. Amsterdam, Dee. 1899 and Arehiv. 
Neerl. (2), 5, p. 237; c.f. this collection papers V and VI. 

VIII 
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tion of the spectral lines were closely connected 1 ) . 

One result, however, of VOIGT'S 2 ) theory relating 
to the rotation of the plane of polarisation, in the 
interior of an absorption band seemed to be in 
contradiction with the results of COBBING y ) or at 
least were not confirmed by the experiments of 
SCHMATJSS 4 ). The theory of VOIGT requires a 
negative 5 ) rotation of the plane of polarisation 
in the interior of an absorption band; COBBING, 
however,, only succeeded in observing a very small 
positive rotation. 

It would be very remarkable, however, if there 
existed a disagreement between theory and obser- 
vation in this special field so closely connected with 
other well understood phenomena. 

I have been experimenting for some time on this 
subject. In performing these experiments I have 
been aided in an excellent manner by Mr. HALLO. 

I have succeeded in observing a negative rotation 
in the interior of an absorption band, the results 
of my observations being in perfect qualitative 
agreement with VOIGT'S theory. 

2. The method used in the following observa- 
tions on the rotation in sodium vapour is in principle 



a ) cf. also LARMOR. Aether and Matter, p. 203. 
2 ) VOIGT. Ann. cler Physik. (4), 6, p. 784, 1901. 
a ) COKBINO. Atti K. Ace. dei Lincei. Vol. 10 p. 137, 1901, 
Nuovo cimento Febbraio 1902. 

4 ) SCHMAUSS. Ann. d. Phys. 2 p. 280, 1900. 

5 ) The magnetic rotation in the vicinity of the band is 
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the same as that which has been used by VOIGT *) 
in his demonstration of the double refraction of 
sodium vapour placed in a magnetic field. Already 
HUSSEL 2 ) used it in a determination of the natural 
rotation of the plane of polarisation in quartz, and 
also CORBINO in his first experiments on sodium. 

By means of a system of quartz prisms (as has 
been used by FEESNEL in his experiment on the 
division of a plane-polarised ray into two circularly 
polarised rays) a number of horizontal interference 
fringes are formed in a spectrum. The light travers- 
es the prism in the direction of the axis, and the 
edges are horizontal and perpendicular to the slit 
of the spectroscope. The prism system (length 
50 mm.) was placed in my experiments as near as 
possible before the slit of the spectral apparatus and 
a small nicol, used as analysator, behind the slit. 
The polarising nicol was placed, of course, before 
the electro-magnet (of the RUHMKORFF type). The 
spectroscope was a ROWLAND grating, for which 
I am indebted to the kindness of the Directors of 
the Dutch Society of Sciences at Harlem. It has a 
radius of 6.5 M., 10.000 lines to the inch and a 
divided surface of nearly 14 cm. 

The grating was mounted for parallel light in the 
manner indicated by RUNUE and I'ASOHEN ') The 



3 ) VOICT. Wied. Aim. 07, p. 360, 1899. 



in some the sun. 

Using this arrangement of the experiment we can 
deduce immediately, from the deformation of the 
interference fringes in the neighbourhood of the 
absorption bands, when the sodium vapour is under 
the action of the magnetic field, the value of the 
rotation of the plane of polarisation for different 
wave-lengths. Fig. 1 of Plate I gives an idea 
of the aspect of the fringes in absence of the field 
in the neighbourhood of the sodium lines, consi- 
derable sodium being present in the flame between 
the poles. The observations were made in the 
second order. 

3. In the experiment first to be described, the 
distance between the perforated poles was about 
4 m.m. and the intensity of the field about 
15.000 c. g. s. units. In this field was placed a gas 
flame fed with oxygen, and a small quantity of 
sodium was introduced in it by means of a glass rod. 
After removal of the polarisator and of the FJRESNEL 
prism the two doublets, in which the sodium lines 
are separated, in the inverse magnetic spectral 
effect were observed. Between the components of 
the doublet were seen the very narrow reversed 
sodiumlines due to the arc light itself. 

The polariser and the prism were now intro- 
duced in their proper places. The field of view 
was then crossed by the above mentioned (2) dark, 
nearly horizontal interference fringes. 

VIII 



I now wished to ascertain the deformation of 1 
fringes by increasing continuously the quantity 
sodium vapour, the field remaining constant. T 
method must be preferred for obvious reasons 
the other which might have been followed also, v 
the examination of a flame with constant percent* 
of sodium under varying magnetic intensities. 
The following observations refer to D : 
If the quantity of sodium in the magnetic fi 
was only extremely small, the interference frii 
exhibited at the place of the reversed sodium 1 
a protuberance let us say downward the li: 
of the doublet being somewhat stronger just ab< 
the interference fringe. In Fig. 1 this behavit 
is represented schematically. 




Fig. 1. Fig. 2. Fig. 3. 

Increasing now the quantity of sodium (alw; 
remaining very small, however, absolutely) the in1 
ference fringes moved upward along the com 
nents of the doublet, whereas the part of the frii 
between the components seemed no longer connec 
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to the exterior fringes and assumed the shape 
figured schematically in Fig. 2. 

Increasing still further the density of the vapour 
the interior part of the fringe slid downward with 
increasing velocity and then resembled an arrow 
with point directed upward, the parts more removed 
from the medium line fading away and disap- 
pearing (see the schematic Fig. 3). At last the arrow 
entirely disappeared by the increase of the density 
of the vapour. It then became impossible to 
distinguish the fringes or any trace of structure 
in the field between the components. Considerable 
light was transmitted. The entire width of the 
components of the doublet was now about of the 
same order as the distance of their central lines. 

A further increase of the quantity of sodium 
obscured the central part more and more (see 
below (8) ). 

The exterior fringes moved continuously upward 
while the density was being increased. 

In a field of about 20000 units the downward 
displacement could be followed over a distance of 
more than the double of the distance between two 
fringes, corresponding to a negative rotation, of 
over 2 >< 180, say 400. The distance between the 
poles was 4 mM. 

Some more accurate data will be given on another 
occasion. 

In the case of D. 2 the phenomena were in the main. 
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KOI- />._. it was, however, characteristic, that the 
stage c>r the nearly or entirely vanishing of the, 
interior Fringes was reached with smaller field, 
whereas also the shape, of the interior Cringe dif- 
fered from the one observed in the ease of J) { . Jlence 
there exists also in this wise, a <Ii [Terence between 
/>, and ./X, a difference already known to exist in 
the phenomena of reversal, of the separation by a 
magnetic field, and of the rotation of the plane of 
polarisation in the vic.inity of the absorption band. 

1. It, appeared possible to kee'p each of the stages 
described in (15) stationary during a, considerable 
time. Excellent photographs could be secured with 
plates which were sensitised for yellow li^lit with 
erythrosine silver. Instead of the. i^asl'Iamo fed 
with oxygen it was easier, in the ease, of L>Tcater 
distances between the poles, to use a IJi'NSKN burner 
wherein common salt was introduced. 

5. If the density of the. vapour was maintained 
as constant as possible and if it. and the. field 
intensity eorres|>onded to the circumstances repre- 
sented in \< r \g. .' (!) then an increase of the field 
.ynve a motion of the arrow ( Kii>'. o) (I) upwards, 
corresponding to a (/ccrcdxc of the ne.t'itiv(^ rot.at.ion 
and reciprocally. It. was possible to observe by eye 
observation very clearly this decrease when the field 
was changed e. v'. from 1SOOO to liftMH). If the cir- 
cumstances were more in accordance, with Ki#. 2 (!>) 
then the same change of field produced a. change. 
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in the same sense as mentioned in the case of Fig. 3. 

An enlarged reproduction of one of the photo- 
graphs is shown in Fig. 2 of Plate I. The distance 
between the poles in this experiment was 6,3 mM., 
the field intensity about 14000 1 ). The negative 
rotation in the case of D l is somewhat less than 90. 
In the case of D 2 only some traces of the interior 
fringes can yet be seen (3). The negative rota- 
tion is about 180. In the photograph are seen 
also the reversed very narrow Z^-liiie and the 
broader D 2 -Iine, which are due to the arc itself and 
have nothing to do with our subject. 

6. The observations (3, 4, 5) agree qualitatively 
in an excellent manner with the conclusions from 
YOIGT'S theory. According to it, the negative 
rotation must be of the same order of magnitude 
as the positive one. This last was known, from 
MACALTJSO'S and CORBIKO'S experiments to be very 
great. The enormous value and the sign of the 
negative rotation given in (3) may thus be regarded 
as a beautiful confirmation of the theory. 

This is equally the case with the direction (5) 
of the change of the negative rotation with increa- 
sing field. In order to see this we must know the 

cR 

value of the quantity occuring in the theory P = - 

(It = fieldintensity, c and 3 parameters of the 



1 ) The intensities of the field were measured by means 
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absorpti'onbaiid), for which the comparison must 
take place. It was possible to assign a value to P 
by comparison of the phenomenon with VOIGT'S 
figure 1 1 ). This figure gives n% (% n angle of rota- 
tion, n a mean value of the index of refraction) as 
function of a certain variable A, whereas our phen- 
omenon is a represention of xo as a function of >.. 
Reducing the abscissa of the mentioned Fig. 1 to 1 / 20 
01< 1 /25> we obtain, diagrams resembling in the main 
features Fig. 2 of Plate I. To the greater observed 
negative rotation (3) correspond, values of P, which 
can be estimated at 5 or 8. The smallest easily 
observed rotations in the strong used field are pro- 
bably in the vicinity of the critical value P = 1.73. 

7.- The slope of the exterior interference fringes 
is greater towards the side of the greater wave- 
lengths than towards the violet, at least so far as 
the rotation due to one band does not influence 
visibly the rotation due to the other. At the same 
distances, if not very small, of each of the two D 
lines the rotation at the side of the violet is greatest. 
The interior fringes also show a slight asymmetry, 
so, e. g. the point of the arrow in Fig. 3 (3) ought 
to be asymmetrical. The part at the side of the 
violet is predominating. 

It is clear that these phenomena depend upon 
an asymmetry of the dispersion curve. 

8. With very dense sodium vapour, hence under 
circumstances which are beyond the last stage of (3), 

a ) Annalen der Physik 6, p. 789, 1901. 
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I observed phenomena very probably identical with 
those observed by COKBINO. In my first experi- 
ments with those dense vapours I thought it abso- 
lutely necessary for securing sufficient intensity 
to widen the slit beyond the width used in the 
experiments already given. I now see, however, -that 
this is unnecessary. 

Using these very dense vapours one sees in the 
absorption band a horizontal part of an interference 
fringe, which seems to have undergone a very small 
displacement upwards by the action of the field. 
These horizontal parts are more ill-defined and 
broader and the whole phenomenon in the bands is 
darker than under the circumstances described in 
(3), (4), (5). 

Figs. 3 and 4 of Plate I will give a clearer 
impression, of the', change in the phenomenon than 
a long description. 

Figs. 3 and 4 of Plate I will, give a clearer 
much sodium. I have made some measurements, 
according to a method not to be given here, con- 
cerning the displacement of the central (in horizon- 
tal and vertical direction) part of the interference 
fringe, and I have found a displacement, which 
would correspond to a positive rotation of about 8 
with both JMines. Fig. 4 was taken with a field 
of 10700 and much sodium. The exterior inter- 
ference fringes are very clear and much deformed; 
the rotation in the parts adjacent to the absorp- 
tion band exceeds 180. The interior interference 

VIII 
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fringes are very indistinct. Their appearance 
would suggest that, in the case, of />>, in Kig. 4 the 
stage gcachcd for 1)^ in I^ig. 13 has been scarcely 
surpassed. 

This, however, cannot, be the ease because there 
was too much sodium in the. flame. A comparison 
with Kig. 13 will show thai. the. lines are. much broader 
in Kig. 4. Measurements taken on other 'negatives 
gave me For fields of 1 1000, displacements of about 
'/!<; <>f the distance between two fringes, corre- 
sponding to a positive rotation of II". Hence, the. 
displacements in these, cases arc precisely of the 
same order of magnitude as in <>OKBIN<>\S experi- 
ment s. The paleness of the. hoarders of the. band 
is easily accounted for by the remark that there the 
intensity of one of the circularly polarised ra.ys 
largely exceeds the other. 

I do not believe that these facts are in contradic 
tion with theory. It is true that, it requires for 
very high values of /* a value, /-ero for (/o)i- "' 
we must take as the locus of the fringe the mean 
vertical height, then really the rotation would be 
positive. It seems possible that with those broad 
fringes Hie case is different. It is also possible that 
the circumstances, assumed in Hie theory a. re not, 
wholly realised in Hie experiments with dense 
vapours. I am making some new experiments on 
this subject and therefore shall not discuss further 
the different possibilities. 
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XPLANAT1ON OF PLATE I. 

Late gives about sixfold enlargements of the 

)hs. 

Interference fringes and absorption lines in absence 

Id and with considerable sodium. (2) 

Same lines. Field intensity about 14000, little 
!) (5). 

Same lines. Field intensity about 4500, much 

0- 
Same lines. Field intensity about 10700, much 



i,per was first published in: Zittingsverslagen dor 
demie van Wetenschappcn te Amsterdam, May 31 tl1 
XI, pp. 6 11. A translation, which has been rcprint- 
ppeared in : Proceedings Eoyal Academy o:l! Sciences 
xlam, Vol. V. pp. 41 47 and The Astrophysical 
1VI (1902) pp. 106113. It has been published also: 
Neeiiandaises (2), 7, 1902, pp. 465472. 
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IX. ON THE DOUBLE REFRACTION IN 
A MAGNETIC FIELD NEAR THE COM- 
PONENTS OF A QUADRUPLET 

ON a former occasion the results were commu- 
nicated to the Academy, of an investigation on 
the magnetic rotation of the plane of polarization 
in sodium vapour, in the immediate neighbourhood 
of the absorption lines 1 ). 

In the case of very thin vapours this rotation 
appeared to be positive outside the components of 
the doublet, in which the original spectral line is 
resolved by the influence of the magnetic forces; 
between the components, however, it becomes nega- 
tive and very large. In these experiments the light 
of course passed through the vapour in the direction 
of the lines of force. 

In the same way, if the light is transmitted 
through sodium vapour in a direction normal to 
the lines of force, we may expect from the exami- 
nation of the immediate neighbourhood of the com- 
ponents, in which the spectral line is split up by 
the magnetic forces, results which are of theoretical 
importance. 



VOIGT lias deduced from his theory of magneto- 
optical phenomena the existence of a double refrac- 
tion, which must he produced in isotropic media, 
as soon as they are placed in a magnetic field, but 
which should only be observable in the neigh- 
bourhood of an absorption line 1 ). VOIGT, together 
with WIECHERT, has observed, that plane polarised 
light of a period near that of the lines D^ and D 2 , 
is no longer plane polarised but has become ellip- 
tically polarised when it has traversed the flame, 
there being generated a difference of phase between 
the components vibrating parallel and those 
vibrating perpendicularly to the field. 

This elliptical polarisation was demonstrated by 
the above mentioned physicists with the aid of a 
BABINET compensator, using a flame with much 
sodium and a small ROWLAND grating. 

The object of our investigation of the magnetic 
double refraction was to examine the phenomena, 
which show themselves, if, beginning with very 
small vapour densities, the quantity of sodium is 
gradually increased. The present communication 
deals only with the line D in the case of very small 
densities. This line is resolved into a quadruplet 
by the action of the magnetic field. 

The grating employed for this investigation and 
its mounting for parallel light (which was neces- 



*) VOIUT. Gottingcr Nachrichtcn. Heft 4. 1898; WIEDE- 
MANN'S Annaleu. Be! 67. p. 359, 1899. 
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sary also now) have been described already more 
than once a ). 

The light from an arc-lamp or from the sun 
passed successively through a NICOL'S prism, whose 
plane of vibration was inclined at an angle of 45 
to the horizon, the magnetic field with its lines of 
force normal to the beam, a second nicol at right 
angles to the first. Between the nicols the BABINET 
compensator was placed, the edges of the two prisms 
being horizontal. An image of the compensator 
was formed on the slit of the spectral apparatus; 
in the middle of this image the central dark inter- 
ference fringe, surrounded by the coloured ones, 
was seen. In the spectrum a pair of dark inter- 
ference fringes are observed and with the field off, 
only the fine absorption lines of the vapour are 
soon. Generally the reversed sodiumline is observed 
already in the spectrum of the arc-light itself and 
th on the presence of sodium vapour between the 
polos makes of course no difference at all. In order 
to obtain the degree of sharpness of the inter- 
foreiico fringes, necessary for this part of the in- 
vestigation, wo tried several compensators. Suffi- 
cient results were obtained with a BABINET com- 
pensator of which the prisms had angles of about 
50', obtained from the firm STEEG & REUTER. 

Tho light passed the flame (a gas flame fed with 
oxygen) over a length of nearly 1% cm. If the 



') ZKKMAN I.e. and Arch. Nccvl. (2) G, 287, 1900; c-.f. this 
collection paper VI. 




p/ff. 1. 



field had an intensity of about 23000 C. Gr. S. units, 
the quantity of sodium in the 
flame being very small, the image 
observed was very similar to that 
represented in Fig. 1. The latter 
is constructed with the aid of 
photographic negatives and of 
eye observations. The whole 
phenomenon is of course very 
delicate as it only extends to 
the region of the magnetically 
broadened D^ line; moreover it 
depends very much on the quan- 
tity of sodium present. We did not yet succeed in 
getting negatives, which showed the parts which arc 
of very unequal intensity all equally well. 

Already some time ago Prof. VOIGT was so 
kind to inform one of us of the result, which 

according to this theory may be ^ _.... 

anticipated in the case of a 
quadruplet. 

This conclusion is easily arri- 
ved at, if the calculation be 
simplified by applying a certain 
approximation, the soundness of 
which cannot bo judged a priori, 
because constants appear whose 
numerical value is not yet known. 
With this reversjition the behaviour predicted 
by theory is represented in Fig. 2. The dotted 



Fiff. 2. 
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vertical lines are the four components of the 
quadruplet. 

In comparing the figures 1 and 2 one must take 
into consideration, that in Fig. 2 is represented 
the shape of the fringes, which arise from a single 
horizontal band. In Fig. 1 in the central part 
of the field also occur parts, originating from 
fringes lying above and under the middle. The 
vertical medium line of Fig. 1 corresponds to the 
almost ever present absorption line due to the arc 
light and is thus in no way connected with the 
phenomenon which occupies us. 

The agreement in the region between the two 
interior components of the quadruplet is undoubt- 
edly of great importance. The whole form of the 
double curved line may certainly be regarded as a 
confirmation of theory. How far the darker parts 
between the exterior components in the middle of 
Fig. 1 correspond to the U-shaped parts of Fig. 2 
is at present not yet to be decided. 



This paper, written in collaboration with Mr. J. GEEST, was 
first published in: Zittingsvevslagon der Kon. Akademie van 
Wetenschappen te Amsterdam, May 30th 1903, Vol. XII, 
pp. 2:> 25. A translation, which has been reprinted here, 
appeared in: Proceedings Royal 'Academy of Sciences at Am- 



X. DOUBLE REFRACTION NEAR THE 
COMPONENTS OF ABSORPTION LINES 
MAGNETICALLY SPLIT LNTO SEVERAL 
COMPONENTS 

IT lias already appeared from experiments which I 
had the honour to communicate to the Academy 
on a former occasion that the magneto-optic theory 
of VOIGT *), who established a simple and rational 
connexion between the magnetic splitting up of the 
spectral lines and dispersion, accounts extremely 
well for all the phenomena observed in the region 
of the absorption lines. 

If light traverses parallel to the lines of force 
very attenuated sodium vapour placed in the 
magnetic field, the plane of polarization is rotated 
in the positive direction for all periods lying outside 
the components of the doublet, but in the negative 
direction, and very strongly 2 ), for periods inter- 
mediate between those of the. components. 

If light traverses the vapour normally to the field, 
there is double refraction as predicted by VOIGT 
from theory. "When placed in a magnetic field, all 
isotropic bodies should show double refraction, but 
to a measurable degree only in the neighbourhood 
of the absorption lines. VOIGT in collaboration with 
WIEOI-JEUT experimentally verified this result, using 

J ) VOIGT, WIEDKMANN'S Annalen. Bd. 67, p. 359, 1899. 
-) ZKKMAN, Proc. A cad. Amsterdam, May 1902 (this collec- 
tion, paper VIII), sec also HALLO, Thesis i'or the doctorate, 
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a small grating and a flame with relatively much 
sodium vapour. 

I have extended these results * ) by working with 
sodium vapour so dilute that, in a strong magnetic 
field, there were seen the four absorption lines cor- 
responding to the components of the quartet into 
which the line D l is split by the magnetic field. The 
mode of dependency of double refraction OIL the 
period could, in this special case with some reserve, 
be predicted from V GLUT'S theory. Observations, 
in which Mr. GKHST took part, confirmed the, theor- 
etical result. .Mr. (IKKST has now extended these 
observations and will give a more detailed exposi- 
tion of his results elsewhere 2 ) ; I intend to give 
here a short explanation of them. 

The, arrangement of the apparatus was for the 
most part the same as in our former experiments. 
IMnne polarised light, under a/,inmth 45" to the 
vertical, falls on a (>AI{INKT'S compensator with 
horizontal edges. The light then traverses a, second 
nic.ol with its plane of polarization perpendicular 
to that of the, first. An image of the, system of 
parallel interference hands in the, compensator, is 
thrown on the slit of the spectroscope. The light 
is then analysed by means of a large, ROWLAND 
gniting mounted for parallel light. Tim greater part 
of the, experiments were, made with a compensator 

T ) ZKKMAN ;iml ({KKST, I'roc. Acsul. Amsterdam, May 11)01} 
(this <'i)llcc1ion psipcr IX). 

a\ /!i..i.u.n MMi/.c-Su H'/n- tlm /!.) /n.iHf. Ai.iutmvliiMi 1 QHJ. 
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of which the prisms had angles of about 50', but 
for the study of some details compensators were 
used with angles of 10' or of 3. In the spectroscope 
a few dark horizontal interference bands are 
observed as long as the magnetic field is off. The 
fine absorption lines of the vapour are then coinci- 
dent with the reversed sodium lines due to the arc 
light. As soon as the field is on, the bands become 
distorted. Their vertical displacements are, with the 
method used, proportional to the difference of phase 
between vibrations respectively parallel and normal 
to the field. 

For the simplest case of a line split by the field 
into a triplet, VOIGT deduced a formula giving the 
difference of phase as a function of the wave 
length 1 ). The sodium lines D and D 2 being split, 
however, by the magnetic field into a quartet and 
a sextet, it was, in order to compare theory with 
observation, necessary to deduce the formulae for 
these cases. Mr. GEEST has made these calculations 
according to the method already indicated by 
VOIGT 2 ) 011 another occasion. According to his 
calculation, the difference of phase between vibra- 
tions normal and parallel to the field, the light 
having traversed a layer I of the absorbing vapour, 
is given by: 

__/ j ____m^_^" 2 ^ 1 ) 



In this formula V indicates the velocity of light 
in the aether, R the strength of the field, z, d, d' 
and c being constants characteristic of the medium. 
Moreover 2 n$ TO is the period of vibration and 
<J = B3. The formula given applies to the- case of the 
sextet; for the quartet, d' o and for the triplet, 
moreover d-o. Fig. 1 !> of Platen II give the 
graphical representation of A as a function of <} for 
each of these three cases. 

The result of the observations is represented, in 
Figs. 4 H of IMate 11. These 1 , drawings are- made 
with the aid of photographic negatives. We have, 
not yet succeeded, in getting negatives that showed 
all details simultaneously and equally well, 'llcn.ce 
ocular observations had to supply the imperfections 
of the photographic records. 

Figs. 1, 4, 5 refer to the triplet (type line 7> 2 in. 
feeble fields); Figs. 2, (>, 7 to the quartet (type 
line. />,) ; Figs. I], S to the sextet (type line />o). 

When comparing the results of observation, with 
theory, it should be taken into account, that the 
theoretical curve, indicates the, distortion which one 
single interference band would undergo. With the 
method of observation used, the central part of the 
field of view contained also parts originating from 
bands lying higher and lower than the one consi- 
dered. The theoretical figure, must therefore be 
completed with parts of theoretical curves lying 
above and below the one represented. 

We will first of all consider the quartet. We 

x 
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indicate the bands by a, ~b, c, a being the superior 
one, and by 1, 2, 3, 4, we indicate the positions in 
the spectrum which would be occupied by the com- 
ponents. The double curved line between 2 and 3 
shows entirely the same character in both figures. 
This sinuous line (Figs. 6 and 7) thickens out at 
the extremities into more intense, parts (where the 
double refraction is at a maximum or at a minimum) 
turning their concave side towards band b. These 
intense parts correspond to the loop of the theore- 
tical curve, the loop between 1 and 2 belonging to 
band c, and the one between ?> and 4 to band a. It 
was not to be expected that the two branches which 
asymptotically approach the components, would bo 
seen separated from the loops. The distance, is too 
small by far to allow that. The, vertical central line 
in the figure, is the- reversed sodium line due to the 
arc;. With increased vapour density the loops 
increase their distance from their band. Fig. 7 
relates to this case, which is also in accordance with 
theory. As the vapour density increases, fewer 
details become visible, but we will not go further 
into this point now. 

The observations concerning the sextet are very 
difficult on account of the, extremely small distance 
of the components. It is already difficult to observe 
thi'. inverse sextet, and hence, so much the more to 
observe phenomena occurring between its compo- 
nents. Only under very favourable circumstances 
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Fig.. 1. 



(Th.eoretir.al curve). 
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schappeii te Amsterdam, December 24 th 1904, Vol. XIII, pp. 516 
520. A translation, which has been reprinted here, appeared 
in: Proceedings Bo} 7 al Academy of Sciences at Amsterdam, 
Vol. VII pp. 435438. 



XL SOLAR MAGNETIC FIELDS AND 
SPECTRUM ANALYSIS 

PROF. GEORGE E. HALE, of Mount Wilson Solar 
Observatory, with groat kindness has sent me 
a letter of date July (>, together with a copy of a 
manuscript destined for publication in NATURE, on 
"Solar Vortices and the ZKUMAN Effect." Prof. 
HALE'S paper is accompanied by two photographs 
on glass of the double 1 lines in the spot speetrnm 
between two comparison spect ra of penumbra and 
photosphere of the region X (J2f>0 X (JUfiO. The, posi- 
tion of the nicol in. the arrangement used was 
changed 45" between the first and the. second of 
these photographs. 

Prof. 'IlAiiK asks me to examine the. photographs 
of spectra, and to send a note to NATUIIK express-- 
ing my opinion as to the interpretation of the 
results. I can say at once that I have come to the 
conclusion that Prof. MALM lias given what, appears 
to be decisive evidence that sun-spots are strong 
magnetic- fields, the direction of these fields being 
mainly perpendicular to the sun's surface. Light 
received, from a spot at the centre of I he sun would 
in this case be parallel to the lines of 1'oree. 

A source of light in the laboratory, and placed 
in a uniform magnetic, field, emits, in the most, 
simple case covered by the elementary LOISKNTX 



n,,,,,,.,r ,,,>,.. ,11,, i 



spectral line is split up into a doublet of two cir- 
cularly polarised lines, the one polarised clockwise, 
the other anti-clockwise. We may imagine that 
for further analysis a FBESNEL rhomb and nicol are 
mounted before the slit of the spectroscope, the 
arrangement actually used by Dr. HALE. The two 
circular vibrations of the doublet are transformed 
by the FRESNEL rhomb in two normal and linear 
vibrations. It depends upon the position of the 
nicol which of the components of the doublet is 
the more quenched. 

The initial position of the nicol determines the 
angle through which it is to be turned in order to 
reverse the relative intensities of the two compo- 
nents. Only widened lines and no doublets, and 
correspondingly only a shift and no extinguishing 
of components by turning the nicol, will be observ- 
ed, either from want of uniformity of the field 
or from want of homogeneity of the light. 

The phenomena observed by Prof. HALE in the, 
double lines and the widened lines of the sun-spot 
spectrum, and exemplified in the photographs 
under review, are identical in character with those 
observed in the laboratory under the specified 
conditions with somewhat broad lines or in a rather 
non-uniform field. The behaviour of a spectral line 
emitted in these circumstances by iron vapour 
between the poles of an electromagnet cannot be 
distinguished from the radiation of iron vapour 
immersed in the interior of a HALE (electronic or 

XI 
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corpuscular) solar vortex at a distance of 149 mil- 
lion kilometres. 

So far as we know, only a strong magnetic field 
can resolve a single line into a doublet, having 
components circularly polarised in opposite direc- 
tions. Are we not compelled, then, to admit that 
where these unique and characteristic phenomena 
are present a magnetic field must be their cause'? 
The evidence is of the same nature (but still more 
convincing by the unique character of the polari- 
sations) as that for motion in the line of sight from 
the DOPPLER displacement of spectral lines in the 
case of moving stars or molecules. 

The absence of any shift of the red telluric lines 
by the rotation of the nicol, or of measurable dis- 
placements of the cyanogen flutings, as reported 
by Prof. HALE, considerably strengthens the argu- 
ment and excludes instrumental and other errors. 

A quantitative comparison of the magnetic 
separations of the iron, lines as observed in the 
laboratory and in the sun will be necessary to 
complete the argument and to make it, if full 
correspondence exists, almost insuperable. A small 
probability, of course, must be left open that under 
the conditions existing in the solar furnace, 
dissociation processes or something of the kind 
(LOCKYER) occur, so as to alter the whole vibrating 
system of the atoms and therefore also the relative 
separations of the different lines. 

Ren TIO* "in ^-n/^ rt /-\mTf TTT T -iTTp/-w>-f TITI i -i- /-\1 -VT s*n-n-nf\4- 



of Prof. HALE'S photograph. 

The iron spectrum in the magnetic field has 
been examined by BECQTJEREL and DESLANDRES, 
REESE, KENT and HARTMANN (Thesis, Halle, 1907), 
but the lines investigated are not far enough in 
the red. 

Recently Miss VAN" METJRS made in the Amster- 
dam laboratory a rather extensive study of the 
radiation of iron in the magnetic field, which will 
be published shortly; her observations in the red 
are still unfinished. 

In order to obtain an idea of the order of magni- 
tude of the magnetic force within the HALE solar 
vortex, we can only compare the largest separation 
of an iron line observed by Prof. HALE, viz. 0-22 
A. IT., with that of one of the larger separations of 
iron lines measured in the laboratory. The separa- 
tion of X 4144-05 is 0-67 A.U. in a field of 29,740 
gauss. This gives for the magnetic force nearly 
10,000, which may be reduced to, say, 6000 gauss, 
if Dr. HALE'S line presents such exceptionally high 
separation as some zinc lines. 

If we might identify the HALE vortex with a 
solenoid with axis parallel to that of the vortex, 
and having one layer of one winding per cm., a 
current of 5000 amp. would be necessary for gene- 
rating the 6000 gauss field. 

This current at first sight seems rather large. 
The actual case is approached more nearly by sub- 

XI 
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stituting for the one winding per cm. a gaseous 
conducting circular disc, one cm. thick, and of suit- 
able radius, though all calculations here are merely 
tentative and extremely rough. Let the radius of 
this disc be chosen equal to that of the earth, viz. 
6-4 X 10 s cm. (representing a solar vortex of, ac- 
cording to HALE'S photographs of the solar vortices, 
extremely moderate dimensions), then the current 
of 5000 amp. in the disc is to be distributed over 
an area of 6-4 X 10 s cm 2 ., giving 0-8 X 10~ 5 amp. 
per cm 2 . 

The kathode rays issuing from the spot of lime 
(say one square ww'Z^metre area) in a WEHNELT 
tube carry something like 10~ 5 amp. (I quote from 
memory). Hence the solar vortex would not be too 
crowded with electrons even if the magnetic force 
to be accounted for were much higher. 

In the last paragraph of my very first paper 
(1897) concerning radiation in the magnetic field, 
I wrote : "Further inquiry must also decide as 
to how far the strong magnetic forces existing, 
according to some, at the surface of the sun may 
change its spectrum". Since I always entertained 
the expectation, sometimes amounting almost to 
conviction, that some day a cosmical application of 
the magnetic separation of the spectral lines would 
be discovered by astronomers. This might suggest 
that I am too favourably disposed towards any cvi- 
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guine while writing this review of Prof. HALE'S 
splendid discovery. Its importance for general 
and solar physics must be very great, and not less 
for the theories of meteorology and terrestrial 
magnetism, affording, as it does, a vera causa for 
the perturbations of the electric and magnetic equi- 
librium of our earth and its atmosphere. 



Reprinted from -."Nature", August 20i 1908, Vol. LXXVTII 
pp. 369370. 



XII. RECHERCHES SUR LA DECOMPOSI- 
TION MAGNETIQUE DES RAIES SPEC- 
TRALES 

I. DECOMPOSITION MAGNETIQUE DES RAIES SPEC- 
TRALES ET INTENSITE DU CHAMP 

ON" pent parfaitement definir rintensite d'un 
champ magnetique par la mesure dans la- 
quelle il produit la decomposition d'une raie 
spectrale. Ainsi p. ex. la distance des composantes 
extremes d'un triplet pent etre determinee avec 
nne grande precision. Les composantes d'une raie 
scindee par un cliamp magnetique sont tout aussi 
nettes que la raie primitive clle-meme, et on sait 
avec quellc precision on peut faire des mesures 
sur des spectrogramm.es. 

Deux champs magnetiqucs peuvent etre dits 
egalemcnt intenscs s'ils produisent une mcme de- 
composition d'ime raie sjjcctrale, et deux diffe- 
rences d'intensite magnetique sont egales si les 
variations de distance des composantes sont egales. 
On defiant par la une certaine echelle d'intensite 
de champs magnetiques, mais le zero et 1 'unite 
peuvent encore etre choisis arbitrairement. Toutes 
les conditions iiecessaires pour comparer indirecte- 
ment diverses intensites d'une grandeur sont 
satisfaitcs 1 ). 



1 ) Coinp. RUNGE, Maass mid Messcn, Encyclopiidie der inathe- 

" 
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En employant cette methode de mesure d'une 
force magnetique, on a d'ailleurs cet avantage 
qu'on fait direct ement usage d'une propriete des 
atomes. 

Pour ^application de 1'echelle en question, la 
nature de la relation fonctiomielle entre 1'intensite 
du champ et le degre de division est sans im- 
portance. II suffit que la fonction n'ait qu'une 
seule valeur. Les determinations actuelles les plus 
precises 1 ), de meme que la theorie, nous appren- 
nent que selon toute probabilite le degre de de- 
composition des raies spcctrales est proportionnel 
a rinteiisite du champ ou se trouve la source 
lumineuse. Si cette relation simple existe reelle- 
ment, notre echelle d'intensite du champ magnc- 
tique clevient identique a cclle que Ton emploie 
habituellement. 

Une fois que le facteur de reduction est coning 
nous pouvons deduire de la composition d'une raie 
spectrale donnee 1'intensite du champ en mesure 
absolue. 

Suivaiit les mesures faites par M. FAKBEE 2 ) sur 
les raies 4678 Cd et 4680 Zn, obtenues en faisant 
jaillir une etincelle entre des electrodes de zinc et 
de cadmium, le facteur de reduction pouvait etre 
determine avec une erreur probable bien plus 
petite que 1 /ioo- 



1 ) Voir en particulier: A. FARBER, Ubcr daa Zceman- 
Phanomen, Ann. d. Phys., 9, 88G, 1902. 

2 ) loc. cit. 
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Cette methode et toutcs celles qui ont etc em- 
ployees jusqu'ici pour mesurer des champs magne- 
tiqn.es font connaitre 1'intensite du champ en un 
seul point; on plutot la valeur moyenne pour une 
surface pas toujours tres petite, ou pour uii petit 
espace, est prise pour la valeur en un point 
de cette surface ou de cet espace. 

La decomposition magnetique des raies spec- 
trales permet de trouver 1'intensite du champ a la 
fois &n tous les points d'une ligne droite. 

Pour le montrer, je me suis servi de tubes a 
vide contenant un pen de mercure. Les tubes em- 
ployes avaieiit des capillaires d 'environ. 8 cm. de 
longueur et doiit le diametrc variait entre % et 
% mm. La forme etait celle reeommandee par 
M. PASCHEN 1 ), et employee par MM. RUNGE et 
PASCHIW dans leur etude du rayonnement du mer- 
cure dans un champ magnetique. 

Si Ton chauffe un peu le tube, il cst traverse 
par la decharge et 1'on obtient dans le capillaire 
une lumiere intense, qui augmente encore conside- 
rablemcnt si 1'on place le tube dans un champ 
magnetique. On remarque alors quo pour une 
densite determinee de la vapeur il y a une certaine 
valeur de 1'intensite du champ magnetique pour 
laquelle 1'intensite lumiiieuse est la plus forte. 
C'est ce que 1'on constate nettement en excitant 



1 ) PASCHEN. Erne GELSSLERvSclie Rohre zum Stuclium .des 
ZEEMAN-Ei'fektes. Physik. Zeitschr., 1, 478, 1900. 
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un electro-aimant semi-annulaire dc DU Bois. Yu 
la grande self-induction, le champ magnetique ne 
s'accroit que lentement, et Ton observe nettement 
un instant ou 1'intensite lumineuse est maxima, du 
moins si la tension de vapeur dans le tube n'est 
pas trop elevee. 

Une fois que la densite de vapeur a ete coiivena- 
blement choisie, dans un champ d'intensite donnee, 
il suffit de chauffer fort pen le tube pour entre- 
tenir son illumiiiation. 

Si le tube est place entre les poles eoiiiques d'un 
electro-aimant de DU Bois, dans un plan perpendi- 
culaire a la droite qui joint les poles, le champ 
varie evidemnient d'intensite d'un point du tube a 
un autre. Si nous examinons au spectroscope la 
lumiere emise par chaque point du tube, nous 
observons evidemnient qu'en tous les points la 
division magnetique n'est pas la memo. 

Mais il est possible d 'examiner simultanement 
au spectroscope tons les points du tube. II suffit 
pour cela de pro Jeter a 1'aide d'unc lentil! c une 
image bien nette du tube sur la fente du spectro- 
scope, qui doit d'ailleurs satisfaire a une certaine 
condition; notammeiit celle-ci, qu'a chaque point 
de la fente corresponde un seul point de 1 'image 
spectrale. Cette condition est satisfaite par un 
spectroscope a prisme, par un spectroscope a eche- 
lons, par un spectroscope a reseau plan, mais non 
par un reseau concave dispose a la fac.on de 



PI. III. 
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reseau, il faut operer p. ex. de la fagoii indiquec 
par MM. RUNGE et PASCHEN 1 ). 

Mes experiences ont ete faites suivant cette der- 
nier e methode. 

Je donnerai comme exemple la raie bleue du mer- 
cure (4395), qui cst separee en un sextet. 

La distribution do la force magnetique dans un 
plan perpendiculaire a la ligne de jonction des 
poles d'un clcctro-aimant de DU Bois, dorit la dis- 
tance polaire est de 4 mm., cst figurcc par un 
magnetogramme optique fusiforme; la Fig. 1 de la 
planche III en reproduit line partie. Oette figure 
est la reproduction, agrandie 9 fois, d'une epreuve 
negative. La lumierc des deux composantes interi- 
eures pent etre eteinte an moyen d'uii nicol. II 
reste alors de part c^t d'autrc les doiix fines 
rai.es. La Fig. 2 (PL III) est line reproduction en 
grandeur naturelle d'un pareil inagnotogranunc^; 
sin.* eette reproduction on no vo.it plus quo les deux 
composantes exterieures soul, doubles. Pour juger 
de I'etendue du champ rcvjjreseute par co inagneto- 
gi'amme, on doit soiig(j:i' qucj 1 mm. dans le plan 
focal correspond a 1,80 rum. daius le plan des 
poles, on bioii ([lie 1 mm.. dc v , c,e dc^i'iiicvr plan 
correspond a 0,5r)() mm. sur le ii('gcilif. Dans la 
Fig. 1 line longueur do 5 nun. correspond done a 
1 mm. dans le plan des polos. Lo magnet ogramme 
o.ntier fn.it r: mm nitre. In. fniv.o, inn.jni<''tirnifi IP. lorn* 1 
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d'une ligne de 40 mm. cle longueur. En se servant 
d'une lentille ay ant uiie autre distance focale, on 
peut evidemment reproduire une portion plus 
grande du champ. Dans la partie moyenne du 
champ 1'intensite est d 'environ 24.000 C. GK S. II 
va de soi qu'une comparaison des intensites du 
champ peut se faire avec une precision bien plus 
grande que celle que j'ai donnee tantot pour une 
mesure absolue. 

Si Ton vent comparer dcs intensites de champ 
magnetique avec une exactitude relativement 
elevee, on peut le faire plus facilement par une 
mesure de la distance entre les composantes que 
par une determination magnetique directe. 

H va de soi que cette methode ne sera employee 
que dans des cas difficiles, ear, aussi longtemps que 
nos spectroscopes a grand pouvoir separateur 
seront encore aussi incommodes et prendront en- 
core taiit de place, la methode ne sera pas d'une 
utilite pratique. 

Dans beaucoup de cas il y aura avantage a 
choisir une ligne spectrale qui se resout en un 
triplet. 

En observant des phenomenes oii la force ma- 
gnetique varie rapiclement avec le temps, on pent 
determiner par la magnetisation des raies spectrales 
la valeur maxima de la force, meme si le champ 
est fort pen homogene. 

Dans certains cas il est fort important de pouvoir 
etudier un phenomena dans des champs d 'intensites 
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differcntes. La metliodo qua jo viens d'exposer 
pout etre appJiTquee dans co cas et on pourrait 
1'appeler Za mtthodfi dii champ hctcrogene. 

Jc me propose d'etndier par cette mcthodc, dans 
des champs pen inteiises, rasymctrie de la decompo- 
sition des raics speetrales, prevnc tlicoiiquement 
par M. VOIGT 1 ). J 'ai deja doime aiitcrienrement 2 ), 
d'ime autre facjon, Ja pr-c.uvo asscjz convaincaiite de 
1 'existence de cx^tto asyinotrici. J'e suis d'avis (Rtc 
Ics considerations eniises il y a (nielqne temps 
par M. LOIIENT/, ;! ) reiuknit desirable qu'on confirme 
d'nne autre maniere, CMIC.OIX^ 1 'existence de cette 
dissymetrie pai'ticuliereiue.nt liable. 

II. LKS INTKNSITKH DKS COMPOSANTKK D.KH RAIEH 
D.ECOMPOS10KS 1'AR UN CHAMP MACJNKTIQUK 

Lorsqii'iine raie. spc.d.raJc. est changee, c,n un 
triplet par uu c.hauij) iuaj?ii(Ui<ju(., l(^s de.ux c.oinpo- 
sant(\s (Lvtei'ieui'es ct hi inoycMinc! out <^u general 
dew iiittuisiies differenti^s. Stiivant la tlieoiie ele- 
mentairc^ <iu<^ M. LOHKNT/, a (loi)iie(^ dii [jhenomene 
de la decomposition in{i^iuUi(|iie ''), 51 1'aut (pi'il 
existes \m rapporl bien siniph 1 cnli'c 1 . c.es inieiisites. 
Si 1'on repivsenie. par l\ cl /;. Ics intensites des 



VoiiiT, Aim. (1. IMi vs., 1, :!7(), 1 {)()(). 
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composantes exterieures et par I 2 celle de la eom- 
posante centrale, on pent s'attendre a ce que 

/^/3^-V.-. (1) 

On a constate a diverses reprises que cette 
relation n'est generalement pas satisfaite, et bien 
souvent 011 trouve des triplets ou, contrairement a 
(1), la composante centrale est faible tandis que 
les deux extremes sont intenses. 

On pent reellement indiquer des cas ou les inten- 
sites sont autres que ne 1'exprime l'equation(l) 1 ). 
Mais il y a aussi beaucoup de cas ou la contradiction 
avec cette relation n'est qu'apparente, parce qu'on 
perd de vue une circonstance sur laquelle je desire 
attirer 1 'attention et que les auto-rites en cette 
matiere n 'ont pas encore examinee sous ce rapport. 

Dans 1 'etude tres importante de MM. RUNGE et 
PASCHKN" 2 ), un cristal de calcite etait place devant 
le tube introduit dans le champ magnetique. Une 
lentille de quartz pro j etait dans le plan de la fente 
les deux images fonnees par la calcite. L'une ou 
1'autre de ces deux images pouvait etre examinee 
separement. 

Ces auteurs rapportent: ,,Bei richtiger Stellung 
des Kalkspaths bestand das eine Bild aus Licht, 
dessen elektrische Schwingungen in der Lichtquelle 



x ) Les raics preseiitant ncttemcnt la polarisation partielle 
observee par M.M. EGOROPF et GEORGIEWSKY (Comptes rendus, 
124 et 125, 1897) sont dans cc cas. 
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parallel den Kraftlinien vor sicli gehen, das andere 
Bild aus Licht, desseii elektrische Schwingungen 
in der Liclitquelle auf den Kraftlinien senkrecht 
stehen. Dass die Ebcne der Schwingungen nach 
dem Durchsetzen des Kalkspaths durch die Quarz- 
linse gedreht wird, thut niclits zur Saclie ' '. 

Leur methode separe done sans aucuii doute les 
composantes dont les vibrations s'effectuent verti- 
calement de cclles qui vibrent liorizontalement. 
Mais le rapport des intensites des composantes, tel 
qn'il existc clans la luniiere emise et dont il 
n'est question qu'en passant dans 1 'etude de 
MM. BITKTGE et PASCHEN, pent etre modifie selon 
les circonstances. Car si le-reseau renvoie a des 
degres differcnts les vibrations vei'ticale et liori- 
zontale, la rotation dc la direction de vibration 
dans les faisceaux qui traversent la lentille de 
quartz aura son influence sur 1'intensite observee. 

On comiait depuis longtcinps 1 'influence polari- 
saiite des reseaux, ct on general 011 pent done s'at- 
tendre a ce que la direction des vibrations par 
rapport a celle des traits du rcscau nc so.it pas in- 
differente. 

Je ne .m'attendais pas a trouver uuc influence 
aussi grande que celle que j'ai observee dans 
quelques experiences, en operant avec un grand 
reseau concave de ROWLAND. Je me suis borne a 
1'examen des raies jauiies du mercure et j'ai fait 
les observations clans le sDectro du I 01 ' ordre. Le 
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faisceau luminetix incident faisait tin angle d 'en- 
viron 19 avec la normale au reseau. C'est dans 
la direction dc la normale qne j'ai fait des obser- 
vations visuelles directes ou a 1'aide de la photo- 
graphic. Un tube a vide contenant un peu de 
mercure etait place dans un champ magnetique et 
ime image en etait projetce a 1'aide d'une lentille 
de verre sur la fente de 1'appareil spectral. C'est 
la liimiere emise pcrpendiculairement aux lignes 
qui flit examinee. 

La Fig. 1 (PL IV ) est line reproduction clu 
triplet dans leqiiel se decompose ]a raie 5770. La 
distribution de I'intensite est en contradiction ab- 
solue aA r cc 1'eqtiation (1). 

Quelqucs observations faites a 1'aide d'une 
flamme de sodium, dont la liimiere tombait sur 
le reseau a pen pres sous le meme angle que 
tantot, 1 'observation etant faite dans la direction 
de la normale, a travers un prisme de calcite, 
m'apprirent que la liimiere reflechie par le reseau 
etait fortement polarisee. Les vibrations verticales 
etaient de beaucoup les plus favorisees. 

J'ai examine ensuite 1 'inf luciicc d'une rotation 
du plan de polarisation de la liimiere jaune du 
mercure sur la distribution de la liimiere dans le 
triplet. Le plan de polarisation flit tourne en met- 
tant clevant la fente des plaques de quartz taillees 
perpeiidiculairemeiit a 1'axe. J'e disposals de deux 

Win mi oa Ai^niccnc! Tac-nr^pfi VATTIAIT!- r\& 9. 1 f^ oj- A. 1 7 rnm 
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Suivant M. (fuMLie/H 1 ) la rotation dans une plaque 
de 1 mm. est do 22, 7.1 8 a 20% pour la luimere du 
mercure dont la longueur d'ondo est 5770; pour mes 
deux plaques la rotation etait done do 

99 79 v 9 1 ^ 48 00 <>l 99 79 y 417 ( )4 7 

ii/i, I X } I'J 1O ,t'V/ I. I *4i, / & X T:, L I 'Tt , I . 

Le changement de distribution do lumiore est 
frappant. Dans la Fig. 3 les eoniposantos extremes 
sont a peine sensibles. Le negatif rt^pi'oduit e.on-es- 
poud a la plaque qui tourne de {)4%7 le plan, do 
polarisation. II fant romaniuor (|ue la Fig. 2, ob- 
tenue par uno vibration faisant un angle de 45 
avec la fente, repond a la distribution reelle des 
intensites dans la lumiere einiso. 

Conimct j'ai fait <ui sorte (jue les vibrations ver- 
ticales et borizontah^s fussent egaleinent represen- 
tees dajis toutes l< i s eoinposantes, e. a, d. <ju(! les 
cireonstanees fussent les meinos poui* tonlos, pour 
co qui regardo la direelion de vibralion, I'aelion 
polarisante du reseau n 'avail plusaneuiie iiiriuenee. 

La distribution de la Inniiere dans la I^ig. 2 n'est 
certainoinont ]>as eontraii-e T\ rocjualion (1), ot 
Pobsoi'vation visuollo dii'eete senible nieine la con- 
firmer. 11 va de soi (ju'iine. reproduction pliologra- 
phique no snlTit pas pour jnger des rappoi'fs des 
intensites; anssi je me propose de soimiellro 
1'equation a line veril'ical ion numerique. 

Si 1'on desire connailro le vrai I'apporl des in- 



tensites des composantes d'une raie spectrale de- 
composee, il faudra a 1'avenir faire en sorte que 
dans la region spectrale examinee la direction des 
vibrations fasse mi angle de 45 avec la fente. 

Dans les cas ou quelques composantes d'une raie 
spectrale presentant mi mode de decomposition 
complique sont faibles, il sera parfois possible de 
les renforcer a 1'aide d'une plaque de quartz 
d'epaisseur convenable. Cela sera possible dans 
tous les cas ou les vibrations incidentes ne sont 
pas celles qui sont reflechies le plus fortement par 
le reseau. 

II est evident que Ton pourra tenir compte de 
ce qui precede avec d'autres spectroscopes, p. ex. 
dans le cas ou, operaiit avec un spectroscope a 
echelons de MICHELSON, on a deja analyse la 
lumiere incidente a 1'aide d'un spectroscope auxi- 
liaire. La reflexion et la refraction dans les prismes 
de verre affaiblissent cvideiiiment dans des 
mesures diffcrentes les vibrations verticales et 
liorizontales. 

On rencontre dans quelques spectres riches en 
raies (p. ex. du fer) des cas ou la relation (1) n'est 
pas verifiee. Parmi les triplets produits par le 
champ magnotique, il y en a quelques -uns qui sont 
tres rapproclies les mis des autres, et pour lesquels 
la distribution d'iiiteiisite est precisement con- 
traire. Sans poursuivre 1 'analyse on pent conclure 
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observoo. Pas do plaque 
do quarlz dovant la fontc 



Fig. 2. Dovant la fentc unc 
plaque do quartz qni 
tonrne lo plan do polari- 
sation do -15. 

Intensities conimc clans 
la source. 



Fit-'. ,'!. Dovant la foil to uno 
])laquc do quarfz (|i 
tourno lo plan do polari- 
sation do 5)0. 



l' 1 !^'. 4. Pas do placjiio do 
quart/, r.c- rosoau a olo 
louriio do ISO dnns son 
prnpro plan, a partir do 
la position dos fiu-uros 
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que pour Fune on 1'autre cles deux especes la re- 
lation (1) n'est pas applicable. 

Enfin, j'ai encore tourne le resean de 180 dans 
son plan. J'ai obtenu ainsi. la distribution de lu- 
miere reproduite par la Fig. 4; elle se rapproche 
fort de celle de la Fig. 2, obteiiue par 1 'inter- 
position d'une plaque de quartz. 

Rem argues relatives a la planche IV. 

Les figures sont des photographies, agrandies a peu pres 
30 fois, de la raie Hg .5770. 

Dans tons les cas une lentille de verre a projete sur la fente 
1'image de la source lumineuse. 

La Fig. 1 a etc obtenue sans plaque dc quartz devant la fente. 

La Fig. 2 a ete obtenue en plac.ant. devant la fente une plaque 
de quartz tournant le plan de polarisation de 45 ; la distri- 
bution de 1'intensite lumineuse est eonforme a celle qui existe 
dans la source. 

La Fig. 3 a etc obtenue en placard devant la fente une plaque 
de quartz tournant le plan dc polarisation de 90. La duree 
d 'exposition a ete trois fois plus longue que pour les figures 
precedeiites. Cependant les composantes extremes sont tres 
faibles et a peine visibles dans la reproduction. 

La Fig. 4 a ete obtenue apres rotation du rescau de 180 clans 
son propre plan. 

III. DISSYMETRIE DE LA DECOMPOSITION MAGNE- 
TIQUE DANS DES CHAMPS INTENSES 

1. La methods clu champ heterogene, que j'ai 
indiquee dans le chapitre I, pent donner immedi- 
atement une idee de la fae,on doiit un certain pheno- 
meiie varie avec 1'intensite du champ, et en memo 
temps on a la certitude que toutes les autres 
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Ainsi que je I 7 ai annonce dans ce premier chapitre, 
j 'esperais pouvoir appliquer cette methode a 1'etude 
d'une asymetrie dans la decomposition des raies 
spectrales, predite d'abord theoriquemeiit par M. 
YOIGT 1 ), et examinee plus tard a un autre point 
de vue par M. LORENTZ 2 ). 

Le resultat theorique de M. VOIGT, dans le cas 
oil Ton a affaire a une division en triplet, est lit- 
teralement celui-ci : ,,dass das normal zu den Kraft- 
linien wahrnehmbare Duplet der parallel zu R 
(force magnetique) polarisirten Compoiieiiten bei 
kleineren Feldstarken in der Weise unsymmetrisch 
1st, dass die nach Hot liegende Component e die gros- 
ser e Intensitat, die nach Violett liin liegende aiber 
den grosser en Abstand von der ursprungliclien 
Absorptionslinie liesitzt". M. VOIGT parle ici d'une 
raie d 'absorption parce qu'il part de ce qu'on 
appelle 1'effet inverse; mais, vu le parallelisme 
entre les phenomenes de 1 'emission et de 1 'absorp- 
tion, les raies d 'emission doivent presenter des 
phenomenes analogues. 

D'apres les formules de M. VOIGT, la grandeur 
de 1 'asymetrie, c. a. d. la difference des distances 
des composantes extremes a la raie mediane, serait 
independante de 1'intensite du champ. II est d'ail- 
leurs probable que 1 'asymetrie est a la limite de ce 
qui est observable. 
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J'ai cleja attire autrefois 1 ) 1. 'attention sur quel- 
ques cas de decomposition asymetrique, et les mesu- 
res publiees plus tard par d'autres observateurs 
confirment certainement 1'existeiice de cette asy- 
metrie. 

Mais il me semble qu'un examen detail le de 
1 'allure de la decomposition a travers toute 1'echelle 
des intensitcs dti champ, depnis dcs champs faibles 
jusqu'a des champs intcnses, serait tres importante 
pour la theorie. II est certain que les parties les plus 
inter essantes de 1'ech.elle sont preeisement les 
champs tres faibles et les champs tres forts. 

L'exemple le plus frappant que je connaisse d'une 
decomposition asymetrique est fourni par les raies 
jaunes du mercure, (5791). L 'examen de la struc- 
ture d'une de ces raies ne saurait etre faite a 
Paide de Tinterferometre de MICHELBON. En effet, 
la condition de symetrie nocessaii'e selon Lord 
BAYLETGH-) pour deduire cette structure de la 
courbe dt^ visibilite n'ewt certainement pas reinplie. 

2. En appli quant la methode decrite dans le 
chap. I, j'ai fait des experiences sur la facon dont 
ces raies se conduisent dans des champs intenses; 
je me suis sc^i'vi d'un grand reseau concave de 
ROWLAND, que je dois a la liberalite de la Societe 
Holland aise des Sciences. J'espc're communiquer 
bientot les resultats obtenus dans des champs pen 
intenses, a 1'aide d'une methode interferentielle. 

^ ZEKMAN, Archives Necrl. (2), 5, 237242, 1900 (No. VI 



Mon resean porte 10.000 traits par ponce et a nil 
rayon de eourhnre de (>'.f> in. ; la surface rayec est 
largv de 14 cm. Dans la methode que j'ai appliquee, 
e'est line condition neeessaire qne riustallation (hi 
reseau soit sti^matique. Le rcseau concave de 
ROWLAND pent etre employe d'une i'a<;on sti&'ma- 
ti(|iie, d'apres la methode preconisee par MM. Rrx<;F, 
et PASCHKN 1 ); j'ai deja appli(iue cette methode 
dans des recherches anterieni'es -) et elle hit eg'ale- 
ment employee par MM. HALLO-"') et ({KKST 4 ). 

Lt k s experiences (|ne je vais conimnni(juer ici out 
toutes ete faites dans le spectre du I'' 1 ' ordre. 

)J. Tandis (jue la raie mercurielle 57J)1 suhit nne 
decomposition asymetricnie, la raie voisine 5770 He 
resont dans 1111 champ magnet iquo d'une {'af^in par 
faitcinciit, on a tivs pen pivs symeti-icpie. J'ai 
pi'ol'ite de cette circonstance pour applitjuei 1 la 
methode optique de mesure <rintensite du champ 
fehap. I), par<'e (jifil est aise de photo.yraphiei' 
sininltanemeid les raies .janties en ({iiestion. 

La planchc \' est la reproduction, aii'raudie 
f) fois, (Tune des epreuves iM'jjfalives. Stiivant les 
mcsnres de MM. FABHY et I'KIIOT la diffV-rence de 
lon^neur d'onde des deux raies du mercure est 
r)7. ( )0,()() - f>7()9,(;0 1>1,0(; u. A., de sorte (jue 1 mm. 
de la PL V correspond a nne distance de (),;">;"> 1 u.A. 

') I^rxiii-: c< PASCHKN, \Vird. Ann., (i!. (ill, isfi?. 
"1 XI':K.MAN, Archives Xt'ci-l. ilii. .">. 'j:',7, IJKill i.\n. \'I dc ccs 
nu'iiioircs-ci ) ; 7. 4t>f>. IJKIli I No. \'I1I ilc ccs nicninircs ci ). 
:i ) HALLO. Archives Xccrl. ill). Id. Ms. uiii.",. 
') (IKKST, Archives Xccrl. (U), 10. 'JIM. Hid."). 
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On recoiinait a cette planche deja que la raie 5791 
est decomposee d'uiie facon asymetrique. On s'eii 
rend compte mieux encore par les agrandissements 
de la planche V sur la planche VI (Figs. 1 et 2). 

II s'agissait de connaitre la grandeur de cette 
asymetrie pour diverses iiitensites du champ. 

Voici comment cette etude a etc faite. J'ai fixe 
une des epreuves negatives sous un comparateur, 
de telle fagon que la raie mediane d'uii des triplets 
etait exactement comprise entre les deux f ils paral- 
leles, tres rapproches, d'un des microscopes de 
lecture. Les fils paralleles etaient perpendiculaires 
a la direction dans laquelle le negatif pouvait etre 
deplace. II se trouvait que si cette installation etait 
obtenue pour un des triplets, il en etait encore ainsi 
pour 1'autre. Un autre systeme de fils reticulaires, 
se croisant sous un angle de 50, servait aux instal- 
lations dans les mesures et permettait de determiner 
la separation en un point quelconque des raies. 

Je determinais ainsi la decomposition d'une des 
raies pour une certaine valeur de la force magne- 
tique, et immediatement apres je inesurais la de- 
composition au point correspondant de 1'autre. 

La decomposition de la raie 5770 etait si pres 
d'etre symetrique qu'elle pouvait servir de mesure 
a la force magnetique. 

J'ai fait en tout 34 series de mesures sur les 
epreuves negatives que j 'avals obtenues. Elle se 
rapportent a des points differents de 10 negatifs, 
faits a diverses epoques. 
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J'ai pris avec intention des tubes qui n 'etaient 
pas semblables. 

J'ai fait de meme les epreuves dans des champs 
ou les intensites maxima etaient differences, afin 
de pouvoir controler les resultats en les comparant 
entr 'eux. 

Eiifin on pent diviser les epreuves en deux 
groupes, dif f erant par la position du reseau. Apres 
avoir fait 24 series, je resolus de tourner le reseau 
de 180 dans son propre plan, afin de voir si cette 
operation avait une influence sur 1'asymetrie. Je 
constatai qu'une telle influence n'existait pas, mais 
la distribution apparente des intensites dans les 
triplets etait modifiee. Car, taiidis que dans les 
figures des planches V et VI, obtenues dans 
une des positions du reseau, la composante moyenne 
etait plus forte que les composantes extremes, 
c 'etait le contraire qui se produisait lorsque le 
reseau etait tourne de 180. La distribution des 
intensites etait alors celle de la Fig. 1 de la PL IV, 
oii la composante mediane etait tres faible, tandis 
que les deux extremes etaieiit fortes. 

4. "Void comment les resultats des mesures out 
ete traites. La grandeur de la decomposition dc 
la raie 5791, tant du cote du rouge que du cote du 
violet, fut consideree comme f onction de la decom- 
position de la raie 5770, que Ton peut considerer 
comme proportionnelle a la force magnetique. La 
decomposition de la raie 5770 fut portee en abscis- 
ses, les deux autres furent portees en ordonnees. 



Les groupes de quatre a cinq resultats tres voisins 
furent combines do tulle fayon que 1'ordonnee 
moycnne correspondait a 1'abseisse moyenne. 

Les 2X^ valours principales ainsi dbtenues sont 
reproduces dans les trois premieres colonnes du 
tableau suivant. 



Moyenne de- 


Decomposition do 5791 




Champ 


composition 
de 5770 


v ore le rou go 


vernle violet 


Asymetrie 


en Gauss 


270 


234 


259 


25 


14800 


328 


283 


312 


29 


18020 


362 


313 


345 


32 


19860 


899 


353 


388 


35 


21910 


440 


31)4 


431 


37 


24140 


453 


404 


442 


38 


24880 


532 


475 


523 


48 


29220 



Tontos cos differences de longueurs d'onde sont 
donnees en niilliemes d'unite Angstrom. 

La quatrierno eolonne fait eomiaitre de meme la 
grandeur de rasymetrie. 

5. La derniore c.olonne, donoe Pintensite du 
champ en g'auss. Ku c.alcnlant eo, cihamp, j'ai admis 
que pouv dos raies nonnales il y a proportionnalite 
entre la grandeur de la decomposition et 1'intensite 
du champ. 

A mesure (|u'au^inontait la precision des mesures, 
cette proportionnalite a pu otrcj prouvee avec une 
exactitude de plus en plus grande, et les recherches 
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de MM. FAKBEB *), WEISS et COTTON 2 ), PASCHEN 3 ) 
et M lle . STETTENHEIMER 4 ) ont dome a cette loi un 



haut degre de certitude. 



0.550 AU 



0.500 



0150 



O.WO 



0.350 



0.200 



0.250 




0250 0500 0.550 0,'iQO O.'iSO O.'JOO 



Les n ombres de la 5 e colomie ont ete calculcs a 
1'aide de la decomposition de + 0.414 en 0,415 



u. A. de la raie 5770, dans le champ employe par 
M.M. BUNGE et PASCHEN. M. le Prof. PASCHEN a 
eu 1'obligeanee de me communique! 1 , que les mesures 
qu'il a faites sur les raies du mercure, en collabo- 
ration avec M. BTJNGE, se rapportent a un champ 
dont 1'intensite est de 22750 gauss, d'apres les 
mesures de M lle . STETTENHEIMER, et de 22780 gauss 
d'apres de mesures noil encore publiees de M. 
G-MELIN. J'ai done fait la reduction en admettant 
un ecart de 0,4145 u. A. dans un champ de 22765 
gauss. 

6. La figure ci-dessus donne une representation 
graphique des resultats obtenus. En abscisses j'ai 
porte la decomposition de la raie 5770 en u. A. et 
les intensites correspondantes du champ en gauss; 
la decomposition correspondante de la raie 5791 est 
portee en ordonnee. Les observations consignees 
au tableau precedent sont representees par des croix. 

Les lignes en trait pleiii sont celles qui s'accordent 
le mieux avec les observations. Quant aux traits 
poiiitilles, voici quelle est leur signification. Si 1'on 
prend la moyenne des 34 valeurs observees de 1'asy- 
metrie, on trouve 0,036 u. A. La droite pointillee 
inf erieure coincide sur une grande etendue avec le 
trait plein et ne s'en ecarte que fort peu pour le 
reste. Le trait pointille superieur est trace paralle- 
lement au premier, a une distance de 36 milliemes 

o 

d 'unite Angstrom, mesuree le long de Pordonnee. 

7. Comme resultat de ces experiences, on pent 
dire que pour les champs employes, dont 1'intensite 
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est comprise eiitre 15000 et 30000 gauss, il existe 
mie asymetrie qui a line grande aiialogle avec celle 
quo M. VOIGT a deduite de la theorie. Conf ormement 
a la theorie, mes experiences dorment que la com- 
posante situee du cote du rouge est plus rapprochee 
de la composante centrale que celle qui est placee 
du cote du violet. 

D'ailleurs au point de vue de I'intensite il y a 
aussi uiie asyinetrie dans le sens voulu par la theorie. 

Si Ton examine p. ex. 1'epreuve negative origi- 
nale, dont la PL V est un agrandisseinent au 
nonuple, ou la reproduction* PI. Y elle-meme, ou 
encore mieux les impressions sur papier photogra- 
phique de 1'agraiidissement (29 fois) reproduit 
PL VI, Pig. 1, ou cette figure 1 meme, on constate 
une faible asymetrie. Pour bien la voir il faut 
tenir la figure a une assez grande distance de 1'oeil, 
ou eacher la composante mediane au moyen d'une 
bandelette de papier. On ne remarque pas une 
pareille asymetrie dans le cas de la raie 5770 (voyez 
les agrandissements Figs. 3 et 4, PL VI, des por- 
tions moyenne et extreme de cette raie). 

D 'un autre cote il y a un certain disaccord entrc 
la theorie et 1 'observation; il parait notamment que 
la grandeur de 1'asymetrie n'est pas constantc. Lo 
tableau du 4 et le trace graphique moiitrent clai- 
rement que 1'asymetrie diminue presque de moitie 
lorsque I'mtensite du champ s'abaisse cle 30000 a 
15000 gauss. 

II ne serait pas absolument impossible (voir 8) 
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qu'une erreur faite sur un des points de la ligne 
superieure eiit fait venir ce point sur le trait poin- 
tille, mais il est fort pen admissible qu'une combi- 
naison d'erreurs ait amene sur le trait pleiii des 
valours appartenant an trait pointille superieur. 

On ne sanrait evidemment deduire de la portion 
actuellemeiit coimue de la ligne superieure si, la 
force magnetique diminuant, ellc tend a se rap- 
proclier asymptotiquement de la premiere. 

8. On pent aussi se demaiider qnelles sont les 
lignes droites qui representent le mieux les systemes 
de points. Ponr trouver une pareille clroite on pent 
reiidre minima la somme des earres des distances 
perpendiculaires des. points a la : clroite. On trouve 
ainsi , 1'axe priiicipal d'inertic du systeme de 
points 1 ). : 

Si Ton effectue cc calcul, on. trouve que la clroite 
iiiferieure la plus voisine des points passe par uii 
point clout les coordonnees sont 398, 351 et a tin angle 
cUiiiclinaison de O^ ~- 4& ( . Pour la ligne supe- 
rieure ces nombres deviemient 398, 386 et 6. 2 = 
45 35'. 

Pour j tiger du degre de precision avec leqticl ces 
droites, clout la superieure est done fort cliff erente 
de celle traeee dans la figure, renclent les observa- 
tions, j'ai clresse le tableau suivant. Les troisieme 



] ) Voir KARL PEARSON, On Linos and Planes ol: closest Fit. 
to Systems of Points in Space, Phil. Mas., 2, 559, 1901. II y 
est (lit: ,,Thc best fitting straight line I'or a system of points 
in fi space of any order goes through the centre id of the system" 



septieme, font connaitre les erreurs qui ont ete 
f aites en abscisses et ordonnees, admettaiit que les 
droites represeiitent les valeurs exactes. L'indice 
1 se rapporte a la droite inferieure, 1'indice 2 a la 
superieure. 



D6compo- 


Dcompo- 






D6compo- 






sition 
moyenne de 


sition 
de 5791 


Aa, 


Ac, 


sition 
de 5791 


Aa 2 


Ao 2 


5770 


versle rouge 






versle violet 






270 


234 


+ 1,6 


-1,8 


259 


+ 1,4 


-1,3 


328 


283 


-1,2 


+ 1,4 


312 


-1,6 


+ 1,6 


362 


313 


-2,1 


+ 2,2 


345 


2,0 


+ 2,0 


399 


353 


+ 0,1 


-0,1 


388 








440 


394 


+ 1,3 


-1,5 


431 


+ 1,0 


\Jt tj 


453 


404 


+ 0,2 


-0,2 


442 








532 


475 


-1,0 


+ 1,2 


523 









On voit que les droites rendent parfaitement les 
observations, si 1'on admet la possibilite d'une in- 
certitude moyenne de 0,0013 u. A. dans les mesures 
relatives a la raie 5770, et de 0,0014 ou 0,0011 u. A. 
pour les composantes cote rouge et cote violet de 
la raie 5791. La distribution des ecarts prouve que 
cette incertitude est admissible. 

9. On peut encore comparer un point de chaque 
ligne avec les resultats des mesures de MM. RUNGE 
et PASOEEN. Ces auteurs rapportent que la separa- 
tion de 5770 est de + 414 1,7 (vers le rouge) et 

415 d= 1,7 (vers le violet) dans un champ qui 
separe la raie 5791 de + 366 6,7 (rouge) et 

399 dt 6,7 (violet) ; les nombres apres le signe 
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representcnt les erreurs nioyermes. Or, a Fabscisse 
415 correspondent d'apros nos eourbes les ordomiees 
368 et 403; 1 'accord est done tres bon. 

10. En comparaut la valour particulierement 
faible cle Fasymetrio (0,0:5(> u. A.) avoc la largeur 
des lignes spectral es dans nos .figures, on serait pent 
etre tente cle conclure que Fasymetrie n'est qu'unc 
petite fraction, do la largour d'une rale spectrale. 
Mais une pai'eilk^ conclusion, serait preinaturee. 

II ,est vrai qii'il resulix^ de n.os figures que les 
composantes exterieuix^s out une largetir ap])ar<Mit(> 
d 'environ 0,1.9 u. A. Mais 1'eprouvo pour la 'PL V 
n'a pas etc fuite ave.c. une fV,nte, infinimont eti'oite., 
car la fente avait une. lar^eu r de 0,08 nun. 1) 'autres 
epreuves out ete faitcs uvw, une lavgour de :(:ento 
de 0,02 mnu, inais ineine dans ce.s cas la raie. s[)ectral(^ 
n'est pas boaucoup inoins large. 

II semble plus sur dv se servir d'nne detiu'niina- 
tion faite avee un spectroscope, a ec.lielons d ? un 
grand pouvoir resolvant, les conditions dans los- 
quclles se trouvait le. tu1)(j a nierciux^ etant d'ailleurs 
les niernes. J' T ai trouve (jue la largeur de la i'ai(^ 
spectrale etait environ l /i i ( ' ( - ' a distances de, de.ux 
ordres suc.c-essifs dans 1 'echelon. Oonnnc c,( v ,tte 
distance est de. (),(>!)4 n. A., dans le voisinage 
des raies Hg, la largeur des raie.s jaunes Hg 

111 -4- i j 0,094 

dans le champ niagnotiqiio devient environ ' = 

0,063 u. A. 

On pent encore comparer avec ce resultat une 

xi i 
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valeur que Ton pent emprunter a des determinations 
de M. MICHELSON". M. MICHBLSON a notamment 
trouve 1 ), a 1'aide de 1'interferometre, que dans un 
champ de 10000 gauss la division totale atteint 
0,36 u. A. pour les raies jaunes du mercure. D'apres 
la figure a la page 354 de sa communication, on voit 
que la largeur de la raie spectrale etait un quart 
de la largeur du systeme decompose et atteignait 
done 0,09 u. A. 

Si 1'on prend done 0,07 u. A. comme une moyenne 
pour la largeur de la raie, on arrive a cette conclu- 
sion, que la grandeur de 1'asymetrie trouvee est a 
pen pres la moitie de la largeur de la raie, on est 
du moins du meme ordre de grandeur que cette 
largeur. 

Explications des planches V et VI. 

PI. V. Un agrandissement % du ncgatil' original rcpre- 
scntant les raies jaunes 5791 et 5770 dans un champ hetcro- 
gene. 1 mm. correspond a 0,551 u. A. 

PI. VI. L'epeuvre originale agrandie 29 fois. 

Fig. 1. Portion centrale de la raie 5791 ) ~, 

, , v , ( Decomposition 

. rt T> ,'. . i T i rrrn-i \ asymetriqiie. 
Fig. 2. Portion terminale de la raie 5791 / 

Fig. 3. Portion centrale de la raie 5770 ) Decomposition 
Fig. 4. Portion terminale de la raie 5770 } symetriquo. 
Les lettres r et v hidiquent de quels cotes se trouvent le 
rouge et le violet. 
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IV. OBSERVATION DE LA DECOMPOSITION MAGNE- 

TIQUE DES RAIES SPECTRALES PAR LA 

METHODS DE FABRY ET PEROT 

1. La methode d 'interference des plaques paral- 
leles a moitie argentees, developpee avec tant d'iii- 
geniosite par MM. FABRY et PEROT 1 ), 1'emporte sur 
tons les autres precedes spectroscopiqu.es par la pre- 
cision avec laquelle 011 pent satisf aire pratiquement 
aux conditions theoriques qui en sont la base. 

La principale tache de I'experimentateur qui 
1 'applique est de rendre parfaitement paralleles les 
deux plaques argentees entre lesquelles s'opere la 
reflexion. 

Pour controler d'mie fagon independante les 
resultats obtenus par les recherclies decrites dans 
le precedent chapitre, et pour etendre ces recherclies 
a des champs pen intenses, la methode de FABRY et 
PEROT mo paraissait tout indiquee. Bieii que je 
ticnnc pour fort pou probable que des defauts dans 
l.c rosc.au de ROWIAND soient la cause de 1'asymetrie 
dans la decomposition, que je viens de decrire, il 
est cependant perinis d 'avoir quelque doute a ce 
sujet. 

(''est la premiere fois que la methode de FABRY 
et PEUOT a ete aj)])liqii(io a la decomposition des raies 
spectral us. On a nieme prctendu que la methode 
des f ranges d 'interference produitcs par des couches 



FAHHY ot PKK>OT, Ann. de Cliim. ct do Phys., 18991904. 
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les dans le champ magnetique, notamment au cas 
le plus simple, a la decomposition en mi triplet. 

Soit X la longueur d'oncle primitive de la raie 
speetrale, devemie dans la suite la raie mediane du 
triplet. A cette longueur d'onde correspond un 
systenie d'aimeaux; so it P () le numero d'ordre du 
premier anneau du centre. Le immero d'orde p 
pour le milieu est alors egal a ce nombre entier P , 
augrnente d'une fraction e .; de sorte que p = 
P () -|- . ().n aura ordinairement < s < 1. 

Lo diametre d'un anneau augmente en meme 
temps ({ue e. Si v, est 1'epaisseur de la couche d'air, 

2e 
k^ numero d'ordre du point milieu est p = . 

A o 

Dans mie direction, qui forme un angle i avec la 
normal o a la ])laquc le numero d'ordre devient 



Si XQ represente on mesure angulaire le diametre 

11, T> 1 7D ' V 

do 1 anneau P () , on a p (} cos -n-a; ==P , si Ion 

observe, dans lo i)lan focal d'une lentille. Apres 
dovoloppciinont du coshuis on trouve: 

2N 



on 



Si X,. est la longueur d'onde de la composante 
:tonu^ du triplet sitiuio du cote clu rouge, on aura 

2 

K* 

R ' 



_ p *" 

Jr r , 
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oil P r , s r et x r representent cles grandeurs corres- 
pondaiites aux P , et X Q de tantot. Or, comme 
il faut que X (P +e ) =A r (P r +s r ), on aura 



Si X w , P v et x v sont les elements correspondants 
relatif s a la composante du triplet situee du cote 
du violet, 

P / ^2 -r 2\ 

j , -* o^ i i . ~o_ v ) (Q\ 

P v \ 8 8 / 

Pour le rayonnement clans un champ magnetique, 
il se presente cette cireoiistaiice simplificatri.ee qu'en 
beaucoup de cas on pent f aire en sorte que 

Si 1'on regarde le systeme d 'anneaux correspon- 
clant a X , on voit que, a mesure que la force magne- 
tique augmente, cles anneaux se detacheut du 
systeme X en se mouvant, les uns vers l ? exterieur, 
les autres vcrs I'interieur. Ce sont les anneaux cor- 
respondant a X r qui se retrecissent ; ceux qui cor- 
respondent a X v s'elargissent. 

Le rapport de cette dilatation, et de ce retrecis- 
sement, a la distance cles anneaux X est determine 
par la valeur de p de Tetalon et par Tintensite du 
champ. 

Cc sont de meme ce p et le maximum de la force 
magnetique qui detemunciit s'il y a de nouveaux 
anneaux ciui aionaraissent ou disnaraissent au 



mais quo Foil putsse so se.rvir des aiiueanx X r et X,, 
(/2M tSY>//// mm' d'nn ni.faiw annca-u X 0j pout clcvo- 
uir > 1. I j 'equation (4) s'appUquora alors, et Foil 
poiiiM'a deduire X,. et X,, des diaiuetres des ainieaiix 
et de la valeur do X , coiiwiderce coinnic donnce, 
inais iiulepoiKlaniineiit de la valour exacte do I'opais- 
seur do- la (molio d'air. 

Mais il twt ovidont quo la ft'raudoui 1 do la decom- 
position outre lo annoaux X , pour uuc valour 
doniiee d(^ la force ina, ( i>'uetiquo, sera detormiueo par 
Fepaisscuir do la 0,0110.110. d'air, o.t o.e. qu/ou })ourrait 
appeler ,,la sousil)ilit(?' du systoino d'aiiuoa,ux jxnir 
des forces ina^notiquos au^iuoulun'a av( i o I'opaisscmr 
do la o.ouohe (Fair. La lar^eur (d ! footiv(^ des raios 
speoti'alos soumises a, Fexaiueii fn,it (|iio. Fou atteint 
(troj) tot) uno limitc de oetto Konsibilito. 

.Dauso.ertains cas il s<M'a reooi)inia])<la,))le de, c'hoisir 
])our les niesures nou le premier aiuie.au mais 1111 
des sui van is; maisoela IK^ pout donner lion fi mio.uuo 
dilTio.ulto. Dans h k s I'onMulos P ost ton jours \c 
lUiinero d'ordre de FUUIK^UI nu>sure. 

Mais dans le oas OI N I l\ } differe do P r ou P,., la 
valour de /',, doit otro connue si Foil vout Paire 1(^ 
(.alo.nl an inoyen des Tommies (2) et C'S). 

4. Outre la siinplii'ioalion dont je viens do 
pai-loi 1 , et qui rositlte de Fe(|tiation (4), il s ? on 
presente encoi-e une antro dans cos reelierches dans 

le. c.liauip nia^neti(|ue. La i>;i'and(atr c. - p J ,1 'epais- 
SOVir ODtidlie (le l:i o.onc.lic <l':iir 



deux plaques, est notarament line constante absolue. 

En general cette epaisseur n'est pas independante 
de X. Par suite du changement de phase au moment 
de la reflexion sur 1 'argent, qui varie legercment 
d'une longueur cl'onde a une autre, il faut quo dans 
la comparaison de systeme d'amieaux diversement 
colores I'epaisseur optique soit dctcrinin.ee pour 
cliaque couleur a part, ou Men qu'une correction 
soit apportee pour reduire toutes les valours a une 
memo couleur. 

II va de soi que dans 1 'application que nous alien is 
faire de la metliode il n'est question que de systemes 
d'anneaux doiit les longueurs d'onde different oxccs- 
sivement pen, de sorte que la correction en question 
est negligcable. 

5. Les figures de la planchc VII donnent ime 
idce de la fagon clout se prcsente la decomposition 
magnetique des raies spectrales, si Ton applique la 
methode de FABRY et PEROT, (les figures sont des 
agrandissements an sextuple j\ pen pros d'6pi'(nwt v s 
negatives, obtenues au moyen d'un etalon pour 
lequel la distance optique etait d 'environ 5 nun. ; 
la source lumineuse etait uii tube vide a nicvcAirc., 
place dans le champ magnetique. A 16 le iiuinero 
"d'ordre de Hg 5791 est environ 17266 au centre. 

Le systeme d'anneaux fut forme dans lo plan, 
focal d'mie petite lentille achromatique de 18 mm. 
de diametre et 12 cm. de distance focale. Ce plan 
focal coincide exactement avec le plan dans lequel 
se trou ve la fente d'un petit spectroscope. Pour line 
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Fig. 1. Les deux rai 
jaunos clxi mercirre cla; 
uu chair' 
Fento, tri 
vortc esl 

Etalcm . 
sitci Ou cli 
5000 gaxiss. 



Fi{f. 2. Los menu's ra : 
Fontc ('troite pnur i 
suvos sur les raios jan 
du lucveuvc. 



f ente large chaque raie spectrale preiid la forme 
d'un rectangle sur lequel se dessinent les anneaux. 
La partie du spectre represented dans les figures 
est celle des deux rates jaunes et de la raie verte 
du mercure. Dans la Fig. 1 on voit que les deux 
rectangles correspondant aux deux raies jaunes se 
superposent en partie. La raie verte est fortemeiit 
surexposee. Je 1'ai reproduite pour donner une 
idee de la dispersion employee. Le champ magne- 
tique dans lequel les epreuves des Figs. 1 et 2 ont 
etc faites etait d 'environ 5000 gauss. 

Le plienomene presente au spectroscope par le 
systeme des anneaux qui se deplacent lorsque la 
force magnetique augmente lentement est tres beau. 

On voit done d'abord les anneaux X r et X y se rap- 
procher 1'uii de 1'autre, se recouvrir mutuellemeiit, 
puis aller en s'ecartant, coincider avec 1'anneau 
suivant X pour un champ d 'environ 15000 gauss, 
le depasser, et ainsi de suite. 

Pour des mesures relatives aux raies jaunes on 
doit se servir d 'epreuves faites avec une fente 
cUroite, comine la Fig. 2. Dans cette deuxieme 
cpreuve la tc^mperature etait un pen differeiite de 
c,o qu'elle etait pour la Fig. 1. 

(5. POUT effcctuer les mesures, que je decrirai 
dans un autre dmpitre, on pent se servir de la 
inethode tlc.s dianiotres, qui fut brievement exposee 
ci-dessus ( 3) ; mais on pent egalement recourir a 
la mtthode de.fi coincidences * ), qui consiste a deter- 

') FAUIIY ot PKHOT, Ann. d. Glum, et cle Phys., 25, 12, 1902. 
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miner les valours de la force magnet ique pour les- 
quelles X r coincide avec \ v ou X,. et X u avec A O . 

Voici cominont MM. FAJJHY ot .Pic HOT resument 
les difficultes quo Ton rencontre en appliquant la 
methode des coincidences a la eomparaison de 
longueurs d'onde: 

,,Meme avec ce porfectionnemeiit, la methode 
presentait des iiiconvenients assex graves: 

1. La necessite d'eclairer simultaiiemeut 1'ap- 
pareil par les deux sources entraine des piM-ies de 
lumioro assez iniportantes ; 

2. Les coincidences ne sont bieu observable* que 
lorsque les deux systemes d'anneaux out des ec.lals 
comparables, et cette condition u'est pas toujours 
facile a realiser; 

3. La recherche de la coincidence entraine 
toujours des tatonneinents et Ton nVsl jaiuais sui* 
(lorsque la periode est courte) d'en renmntrer line 
qui soit exacte". 

Dans l'appli(;ation de .la methode an rayonnement 
dans le champ inagnetique, les inconvenients 1" ei 
2 n'existent pas, et en Caisant varier riniensitr 
de courant dans relectro-aimant on pent produire 
,la coincidence avec uiio [n'ocision aussi ^rande que 
1'on veut, de sorte que rinconvenient IJ" iombe aussi. 

7. Enfin, je voudrais encore 1 coinnnnii<juer (jiiel-- 
ques details relatifs aux instruments employes. 

L'etalon de 5 mm. a etc monte par M. JOBIN. De 
meme les plaques argon toes dont h^s laces intei-nrs 
sout oxactomont planes. I.es I'aees extei-nes IK 
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devaient pas etre travaillees avee le meme soin; 
olios font un angle dc 1' avec les faces internes. 
L 'image d'uii tube a vide, agrandie 4 Ms, fut 
projetee sur 1'etaloii a 1'aide d'une lentillc achro- 
raatique dont la distance focale etait de 12 cm. Tons 
les appareils optiques etaient montes sur une piece; 
on I et eta i out par la rendus solidaires. 

Les figures prouvent que pour Tctude du rayon- 
ncment des rai.es jaunes du mereure dans le champ 
niagiieti(jne, il. u'y aurait aucun avantage a employer 
un etalon dont repaivsseur optique de la couche d'air 
sorait, plus gi'ande. Au contraire, la largeur effec- 
tive, des raies jaunes dans le champ magnetique est 
si gvandc, quo les 1 unites d'ajjpli cation, de la methode 
soi it j>re,squ(^ atlxuntes dans ce cas. 

V. ICXAM10N DJfl LA DLSSYMETRTE DE JA DECOMPOSI- 
TION MA(}N10TIQUK DES KAIES Sl'EOTRAUCS PA II 
LA METHODE ])E FABRY ET PEROT 

1. Dans le eluipitre III je me suis servi d'uiie 
inetliode, c(ue j'ai appelee la methode du champ 
heterogene, pour (examiner 1'asymetrie qui pent se 
presenter dans les triplets, d'apres les provisions 
theoriques do M. VOKJT 1 ). U'n simple coup d'oeil 
jele sur la, phmche VI suffit deja pour se con- 
vainc.ro <|ii(^ la c,(niclnsion de, M. VOTGT, savoir que la 



Voir encore une coiniuuuic'.ation voecntc dc M. VOKJT, 
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composante (hi triplet sit HIM* du eote <lu nui^e doit 
etre uu pen plus rappruehee de la eom|)<sante 
mediane que (Tile* qui est situeV du cote du violet 
pa rait confirmee par Fubservation. 

A Tin de lever le dmite qui ponrrait em-ore exixter 
relativement a i'^xaditutle dt n* ivsultat cxjx'tri- 
incntal, il me parut tU*sirui>lf t{t tMintinutT Ics 
ivclu'rclu's par uuc Viit* indvpcmluutf di la nn'thiKU* 
dc ROWLAND. 

On a vu au rhapitn* 1\" qiif h*s placna-s parallMcs 
a nioiti(' argcntt't-s dt* MM. F.umv c*t I'LIKIT pcnnd- 
tont d 'observer la dmiiipnsiti<n dis raics sped rales 
dans un champ magnet i({tie, 

Kn I'aisant usa^e tti dis|K>sitif dans h-qucl la 
dislanee des phunies n-sti' cunstanti', IVtalon, on 
pent, encore comparer di- deux i'at;nns la bm^eiir 
d'onde de la raie primitivi* avee ci-Hrs dt-s cnmj)o- 
sanies fornHM-s par le champ ma^netique. 

On pent d 'aimed iwsuivr h-s diametres des 
anneaiix d'interf'en'nt'i' prodnits dans un champ 
d'intensile delerminec. La cotuimiaisnu ties mcsn 
res relatives i\ des anneanx I.^HN d'nn nn'mc anneaii 
avee celles relatives a la raie priniitivi-, diuuie lieu 
a, des cah-uls tres .simples, aiiiM qiir jf 1'ai fait 
remarcjuer an precedent chapitrc; la cunnaissance 
du numei'o d'oi'dre ties aiuieauv -!*t nn'-mc inutile, 
comine nous Tavons \u. 

2. Mais on pent aussi rt-courir a la ni( ; thodc des 
coVncidences et re^'ler la i'orcr mami'ti(inr dc trlle 
sortc (jii'iin annean tjni s't-lar^it par anu'iiu-ntation 
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de rintensitc magnetique coincide avec mi aimeau 
qui se retrecit. 

Dans cette coincidence les anneaux qui. corres- 
pondent a la composante du cote du rouge se super- 
poseiit a ceux qui proviennent d'uiie composante du 
cote du violet. L '.intensite des anneaux coincidents 
n'est alors que faiblement infericure a celle des 
anneaux primitii's, ce qui parait avantageux pour 
la precision des mesures. 

Si X () est la longueur d'oride de la composante 
moyeiine du triplet, X r celle de la eomposaiite cote 
rouge, X w celle de la composante cote violet, on pent, 
sans eonnai.tr e les valeurs des numeros d'ordre des 
anneaux, cf.t'ectuer le caleul eu oxjerant eon line suit. 

En general, si .P , P r , P v re])resent( k ,nt les 
numeros d'ordre des anneaux, ,^ , #,. eb x u les dia- 
metres (en mesure aiigulaire), on a 



JJ ,' 
, L f - 

'2 J r \ 



Si ]a force inagnetiquc augment, un anneau qui 
se retrecit c-ori-espond a X r , un araieau qui s'elai'git 
a \ v . Ainsi que jc 1 , I'ai (lit plus liaut on pout, dans 
la decomposition produite par le champ magnetiqiio, 
prendre P ( > ~--P r on P (} ---/*, pourvu que les an- 
neaux A,, et X,, soient issus d'un meme aimeau X . 

Dans la methode par c.oincide.nce on opere done 

IP Ttlnw n>i nlfiiVKmf mi C'MTiyi/'lr' 



nant d'un amieau X plus petit, tantot comme un 
anneau \ r provenant d'un anneau X plus grand. 

En mesurant trois anneaux, notammeiit celui 
produit par la coincidence cles anneaux pour X r et 
X y (diametre x c --=x r = &), puis 1'anneau plus 
grand dont le diametre est , et enfin 1 'anneau plus 
petit dont le diametre est x f , on obtient le resultat 
par les simples f ormules 



(~ 2 * 2\ 
1 _L C I 
+ "8" 8 / 



et 



= A 



/ x '2 y. 2\ 

l 1 + "i : ~"i"J 



3. Je me suis servi de cette methode cles coin- 
cidences pour observer la decomposition des raies 
jaunes du mercure 5791 et 5770, a 1'aide d'un etalon 
pour lequel la distance des plaques argentees etait 
de 5 mm. 

Le systeme, d 'anneaux se formait dans le plan 
focal d'une petite lentille achromatique de 18 mm. 
de diametre et 12 cm. de distance focale. Ce plan 
focal coincidait exactement avec le plan de la fente 
d'un spectroscope a prisme. La fente etait rendue 
suffisamment etroite pour que les deux raies jaunes 
du mercure pussent etre observees separement. La 
planche YIII reproduit des epreuves negatives 
obtenues, d'abord dans un champ nul, puis au 
moment de la premiere coincidence (superposition 
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cles aimeaux pour X r et X u ), en troisieme lieu a la 
deuxieme coincidence, ou les anneaux X r et X^se con- 
fondent avec X . L'epreuve suppose que la coinci- 
dence a lieu pour 5770, mais elle se distingue a peine 
de celle que 1'on aurait obtenue si la coincidence 
avait ete obtenue pour 5791. 

En faisant des mesures sur six negatif s dormant 
la premiere coincidence, j'ai trouve qu'une separa- 
tion de 0,166 u. A. pour la raie 5770 correspondait, 
pour la raie 5791, a une separation de 0,160 u. A. 
vers le rouge et 0,177 u. A. vers le violet. 

Or, d'apres les donnees mentiomiees au 4 du 
chapitre III, une separation de 0,166 u. A. repond 
a une intensite du champ de 9130 gauss. 

Si Ton consider e Pasymetrie comme la grandeur 
a mesurer, il resulte des nombres donnes que cette 
asymetrie atteint 0,017 u. A. Une discussion des 
erreurs systematiques a craiiidre apprit que les 
valeurs 0,015 et 0,019 u. A. soiit parf aitement pos- 
sibles, mais que les valeurs 0,011 et 0,023 sont deja 
fort peu probables. 

Quelques mesures effectuees par la methode des 
ctiametres indiquerent que la precision obtenue par 
cette methode serait mi peu plus graiide que celle 
que nous venons d'atteindre. Mais cette derniere 
precision s'accorde parfaitemeiit avec celle que MM. 
FABRY et PEROT l ) coiisiderent comme possible dans 
un cas comme le iiotre. 



Nos experiences, faites par la methode des 
plaques argentees, prouvent certainemeiit deux 
choses, d'abord que les resultats relatifs a la divi- 
sion asymetrique, obtenus anterieurement par la 
methode de ROWLAND, sont reels ; en second lieu que 
cette asymetrie subsists dans des champs peu inten- 
ses, et qu'elle a la valeur que 1'on s'attendrait a 
trouver, si 1'on pouvait admettre une proportion- 
nalite approchee entre 1'intensite du champ et la 
valeur de 1 'asymetrie. 



VI. DETERMINATION DE LA CHARGE TOTALE DES 
ELECTRONS 

1. Si nous admettons comme demontrees 1 'exis- 
tence et la nature de la decomposition asymetrique, 
conformement a la theorie de VOIGT, il est sans 
doute interessant d'exprimer le resultat obteiiu 
dans le langage de la theorie des electrons. 

M. LOEENTZ a deduit - 1 -) les equations de M. VOIGT 
de la theorie des electrons, ou plutot il en a deduit 
un systeme d 'equations qui reviemient au meme. 
Si 1'on appelle H 1'intensite du champ magnetique, 
X la longueur d'onde, ^X x et ^ 2 les differences entre 
la longueur d'onde de la composante moyenne et 
celles des composantes situees respectivement du 
cote du violet et du cote du rouge, enf in V la vitesse 



*) LORENTZ. Rapports presentes an congres international do 
physique, 1900. 

XII 



213 

de la lumiere dans 1 'ether et le rapport Men connu 

entre la charge et la masse, on a, d'apres M. 
LORENTZ, 

e 4?r F _________ 



Pour $X i = d\ 2 cette formule se transforme en 
la relation bieii connue, d'ou Ton a deduit pour la 

premiere f ois le rapport . On trouve ainsi ce rap- 

TYv 

port en unites electromagnetiques. 

Si N est le noinbre de molecules par unite de 
volume, on a en outre, suivant M. LORENTZ, 

AT - 



line formule qui a deja ete commuiiiquee par MM. 

GrEHRCKE et VOJST BAEYER a ). 

Si Ton veut effeetuer le calcul au nioyen de mes 
observations sur 1'asymetrie ( 4 du chap III et 
3 du chap Y), on se heurte a une difficulte. 
Oomme j 'ai trouve que 1'asymetrie varie avec 1'iii- 
tensite du champ, il resulte de (2) qu'il doit en etre 



de meme de Ne, puisque H et tfXt . ^X 2 variant 
presque proportionnellement. 

Or une augmentation de Ne, c. a. d. du nombre 
des particules lumineuses par unite de volume, doit 
se reveler par I'mteiisite lumineuse dans le tube a 



v JL. .TNUIUS uevuns 



le reconnan; a la piancne 

coiiclure que la vapeur mercurielle lumineuse ne se 

trouvait pas dans les memes conditions dans toutes 

les parties du tube de GEISSLER, place dans le champ 

heterogene. 

Aussi peut-on fort Men admettre avec M. YOIGT 1 ) 
que le changement dans la grandeur de Tasymetrie 
doit etre attribue aux cir Constances differentes dan.s 
lesquelles. se trouve la vapeur lumineuse. 

2. Voici maiiitenant quels sont les resultats aux- 
quels conduit le calcul, effectue suivant (1) et (2) 
a 1'aide de mes observations relatives a la raie 5791. 

Raie du mercure 5791. 



e 
m 


Ne 


Decomposition 
moyenne 5770. 


H 


1,92 X 10 7 


8,10 X 10-4 


0,532 u. A. 


29220 


1,92 


6,24 


0,440 


24140 


1,90 


5,97 


0,399 


21910 


1,87 


5,03 


0,328 


18020 


1,87 


4,33 


0,270 


14800 


(2,07 


4,58 


0,166 


9130) 



La derniere ligne de ce tableau se rapporte aux 
observations mentionnees au chap. V, 3. 

En divisant les nombres de la deuxieme colonne 
par ceux de la premiere, 011 trouve que 4 . 10~ n a 
2 . 10~ n gr. par cm 3 , participent au mouvement. 



VOIGT, Physik. Zeitschr., 9, 120, 1908. 
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En prenant, avcc M. J. J. THOMSON, pour e la valeur 
1,1 . 10~~ 20 , on pent cal euler le nombre N. On trouve 
ainsi quo le nombre d 'electrons par unite do volume 
qui produisent le rayonnement de la raie du mercure 
5791 dans mi tube de GPJSSLEB est de 8 . 10 a 4 . 10 1G 7 
suivant la force magiietique. 

Si Ton tient eomptc de ee que la temperature du 
tube a vide pent etre evaluee a 100 ou 120 dans 
ces experiences, ce qui correspond d'apres M. HERTZ 
a des tensions de vapeur de mercure de 0,29 a 0,78 
mm., on arrive a cette conclusion, que le nombre 
des electrons qui parti cipent a remission de la raie 
5791 est du memo ordre de grandeur que le nombre, 
des atonies. 

Un pareil. resnltat est ])arfaitement acceptable et 
on pourrait meme trouver tout naturol que tons 
les atomes 41 la fois parti cipont a 1'emission. II est 
neamnoins intei'essant d(^ comparer avec ce rosultat 
ceux obteuus par M. PTAU.o 1 ) dans sos reehorehes 
sur la rotation nia^neticpie du plan de. polarisation 
dans la vapour de sodium, et par M. G-TCRST 2 ) snr 
la double refraction ma^netique dans la ineme 
substance, ainsi qu'avec les resultats de M. t'J'wAN 
BKCQTIEBEL ;l ), dans sc^s recherclies ronmrquables sur 
la fa^on dont la tysonite et d'autix^s c.i'istaux se 
conduiseiit a basse temperature, dans un. champ 
magnetique. 

1 ) HAU.O, Archives Nivrl. (2), 10, 148, 1<)()f). 

2 ) G-KKRT, Airhivos Nf'orl. (2), 10, 291, :i})()fi. 
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Tons ces physicians arrivent a ce resultat que, 
pour les substances qu'ils out examinees, un petit 
nombre seulement des atomes participant, a nn 
instant donna, a 1'emissioii on a 1 'absorption. 

Bienne s 'oppose evidemment a admettre que dans 
un tube de G-EISSLER les cireoiistaiices soiit tout 
autres, et que dans un tube a vide le nombre des 
atomes qui vibrent a un moment donne est tres 
grand. 

VII. ASYMETRIE DANS LES RAIES DU TUNGSTENS ET 
DU MOLYBDENE 

Ce ne sont pas seulement les raies du mercure et 
du fer, que j'ai examinees moi-meme, qui off rent 
des triplets asymetriques dans le champ magne- 
tique, mais d 'autres substances encore font de 
meme. Je dois a la bienveillance de M. VOIGT quel- 
ques examples d'asymetrie particulierement forte, 
trouves par M. JACK, an laboratoire de Grottingue, 
dans les spectres du tungsteiie et du molybdene. 
Bans le tableau ci apres les longueurs d'oiide sont 

o 

donnees en unites Angstrom, les ecartemeiits en 
mm., tels qu'ils out ate mesures sur les plaques. Mais 
cela suffit pour la coniiaissance de 1'asymetrie 
relative. 

Quelques raies off rent une asymetrie dans laquel- 
le c'est la composante du cote du rouge qui est la 
plus ecartee. Mais, d 'apres les remarques de M. 
JACK, on n'est pas tout a fait certain si clans ces 
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Substance 


Longueui 
d'onde 
(*) 


Ecartement 
en mm. 
[ vers violet 1 
+ ,, rotiRiJ 


Tntensite. jj 


Sub- 
stance 


Longueur 
d'onde 

(A) 


Ecartement 
en mm. 

f verR violet"! 
-f- rougfij 


1 Intensite i( 


Tung- 




- ,1474 


4 


Tung- 




- ,1559 





sten e. 


2488,89 





8 


stone 


2866,20 





1 






4- ,1155 


4 






|- ,1875 


3 






,1458 


3 






,2892 


6 




2522,14 





2 




8019,80 





2 






-I- ,1172 


8 






-| ,2519 









,1524 


3 






,1590 


8 




2555,28 





2 


^ v 


8811,53 





10 






-! ,1140 


8 


I * 




1- ,1814 


8 






,1281 


8 


1 




- ,1289 


8 




2580,68 


' 


2 


Is 1 


8801,25 





4 






+ ,1012 


8 


o> o 




1- ,1394 


8 










> 












- ,1487 


3 


-S tj 




- ,0780 


C 




260(5,50 





2 


(3 <U 

$ a 


*8878,88 












-|- ,1558 


3 






-I- ,0928 


4 






,1858 


8 


8 tf 




- ,0844 


C) 




2083,24 





1 


C6 > < 


*8418,()'J 





6 






-I- ,1(110 


8 


31 




| ,10KO 


6 






,1(! ( ,5 


5 


-u 
a; w 




-- ,0087 


<> 




2097,81 





8 


'o -3 

"> 


*3429.7',) 





<; 






-I- ,M9H 


5 


- s 




|- ,()S87 


8 










<-' 












,1709 


4 


O ,,|]j 




,0770 


8 




2774,12 





2 


TJ .*" 


,'M48,()(; 





8 






H- ,1382 


4 


11 




I ,0879 


.1 






,1530 


4 


^ 




2324 


8 




277-1,00 





2 


a) .2 


4022,27 





,s 






1- ,18(14 


4 


P a 




1- ,2032 


3 






- ' 17 - () >ss<, 


o 






,6339 


1 






,(>H3l J"" 


2 






,1285 


2 




2792.S5 





2 




4298,55 





o 






1 > 08 ~' S ? 7 - W 


o 






-) ,1242 









7;>H 
















-I- .IfiKG} 


2 






I- ,4501 


1 










Mo- 




,2224 


10 










Ivli. 


i)i;7k) () i) 


n 


r 
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Je ferai remarquer du reste que, d'apres ce qui 
a ete dit an chap. II, les intensites donnees n'ont 
qu 'une signification relative. 

VIII. OBSERVATION DANS LA DIRECTION DES LIGNES 
DE FORCE MAGNBTIQUES 

D'apres la theorie elementaire, dans la direction 
de la force magnetique les deux composantes du 
doublet doivcnt etre placees symetriquement par 
rapport a la rate primitive. Au moment ou je me 
proposals d 'examiner ce point, un exameii qu'oii 
tiendrait peut-etre pour presque inutile, je fis une 
observation qui ne s'accordait pas avec une situa- 
tion symetrique des composantes du doublet. 

En observant le doublet, clout les raies etaient 
claires et nettes, je vis notamment, pour la raie 5791 
aussi bien que pour 5770, une raie fine et excessive- 
ment f aible entre les deux composantes. Pour 5770 
cette petite raie paraissait se trouver exactement 
entre les composantes du doublet, par centre, pour 
5791 elle paraissait deplacee du cote du rouge. 

Ces faibles raies proviennent evidemment de 
lumiere qui est emise a pen pres perpendiculaire- 
ment a la direction de la force magnetique, et est 
reflechie sur la paroi iiiterieure du capillaire du 
tube de GEISSLER. En examinant le neon, M. 
LOHMANN 1 ) observa un trouble analogue, mais par- 

x ) LOHMAN, Beitrage zur Kenntniss des ZEEiiiAN-Phanomens. 



faitement symetrique. Je reconnus que la faible 
raie etait lineairement polarisee. 

L 'image toute entiere presentait, sauf les rapports 
cl'iiitensite et le caractere de la polarisation, une 
analogle frappante avec ce que Ton. observe dans 
une direction perpendiculaire a la force magnetique. 
II ne me fut pas possible de photographier la faible 
raie lumincuse en memo temps que les deux raies 
du doublet. 

Je resolus maiiitenaiit d'introduire dans le champ, 
en meme temps que le doublet, la raie primitive, 
11011 soumise a 1 'influence magnetique. 

On sait que dans des mesures spectroscopiqn.es il 
y a une quaiitite de sources d'erreur lorsqu'on em- 
ploie un spectre de comparaison, surtout si Ton 
desire atteindre une grande precision. Aussi M. 
KAYSER l ) coiisidere-t-il comme la method.e la plus 
digne de conf iance celle qui consiste a produire clans 
la source meme les raies dont on a besoiii pour la 
comparaison. Dans notre cas cela est evidemment 
impossible. 

Le deplacement lateral que la raie lumineuse 
subit dans le tube a vide sous 1 'influence de la force 
magnetique fait que, meme si la position du tube 
ne change pas, une epreuve faite en dehors du 
champ magnetique lie pent pas etre comparee sans 
plus avec une autre faite dans le champ. 

C'est pourquoi. j'ai cru que le mieux etait d'ana- 



KAYSER, Handbuch der Speetroscopie, I, p. 732. 
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lyser, en meme temps qne la lumiere emise par le 
tube place entre les poles, celle d 'un petit tube place 
sur le cote, ref lechie par un miroir argente a moitie. 
Mais, vu la grande precision que je desirais obtenir, 
la comparaison ne reussit qu'imparfaitement. II 
semblait parfois possible d 'obtenir en meme temps 
pour 5770 et 5791 une position symetrique de la raie 
lumineuse fournie par la source lumineuse primi- 
tive. Mais je ne puis donner a ce resultat qu'une 
importance mediocre. On devrait done conclure a 
un deplacement de la ligne medians du triplet du 
cote du rouge. Ces experiences souleverent toute- 
fois cette question: 

La raie mediane d'un triplet a-t-elle la meme 
longueur d'onde que la raie primitive 1 ? 

On peut etre certain d'avance que le chaiigement 
de longueur d'onde, s'il existe, sera excessivement 
faible, puisqu'aucun des physiciens qui se sont oc- 
cupes de 1'examen du rayonnement dans un champ 
magnetique n'a constate, a ma connaissance, des 
phenomenes qui tendraient a resoudre la question 
dans 1 'affirmative. 

Pourtant, quelques observations faites a 1'aide 
d'un spectroscope a echelons m'ont fait voir que 
cliverses raies spectrales, et parmi elles les raies du 
mercure si souvent examinees, subissent, sous 1 'in- 
fluence d'un champ magnetique intense, des clepla- 
cemeiits de 1'ordre de 6 a 10 milliemes d 'unite 
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O 

Angstrom, quelquel'ois du cote du rouge. II me 
semble quo la question est suf fisamment importante 
pour etre examinee separement. 



Oe memoire n'cst. au i'ond qu'un recueil de memoires qui 
avaient paru dcja auparavant autrepart et qui out ete reunis 
dans: Archives neerlandaises dcs sciences exactes et naturelles 
(2), .13, pp. 200 290, nugmcntcN ct modifies en quelqucs 
details, (''est cettc ronne que nous reimprimons ici. 

Pour la premiere :i'ois ils out ete publics dans: Zittingsver- 
sla^en dei 1 Kon. Akademie van Wotcnscliap})cn te Amsterdam, 
Vol. XIV [)]>. 838843, 27 avr.il 1906 (chapitrc I) ; Vol. XVI 
pp. 280289, 2(> octobre 1907 (cliapitre II) ; pp. 354r-361, 
30 novcnihru 1907 (chapitre IJI) ; ])]). 480491, 28 deccmbrc 
1907 (c-hapiirc IV); pp. (11.0 (518, 29 j!6vrier 1908 (chapitrcs 
V VIII). 

DCS tradiictioiis iin^laiscs out paru dans : Proceedings oi; the 
Royal Acade.my of Sciences at Amsterdam, Vol. VIII, pp. 
t Sii_H17; VoL'X, t>p. 280292; pp. 35.1359; pp. 440445; 
pp. 5()(i 574. 

Une ('dition allemaudc de.K cliapitres TV VIII a ete publiec 
dans: .IMiysikalischo Zoilscliril't, Vol. 9 (1.908) pp. 209212 
(chapilre'lV) et pp. 340344 (cliapitres VVIII)'. 

Une edition fraiicaisc du cliapitre II a paru dans : Lc Radium 
5 (1908) pp. 495.1. 



XIII. CHANGEMENT DE LONGUEUR 
D'ONDE DE LA RAIE MEDIANE D'UN 
TRIPLET DANS UN CHAMP MAGNE- 
TIQUE 

I. OBSERVATIONS A L'AIDE D'UN SPECTROSCOPE A 
ECHELONS DE MICHELSON 

ON a admis jusqirici, pour ainsi dire tacite- 
ment 1 ), que la raie moyenne d'uii triplet oil 
de toute autre figure de decomposition symetrique 
dans le champ magnetique reste a sa place. Cepen- 
dant, dans des recherches sur la decomposition 
asymetrique de quelques raies spectrales 2 ), en 
examinant la lumiere emise dans la direction des 
lignes de force, je constatai que la symetrie n'existe 
pas toujours la ou I'oii s'attendrait a la trouver. 

Ceci me conduisit a me . demander si par hasard 
1'aimantation ne produirait pas un deplacement de 
la raie primitive. Or, c'est ce qui arrive reellement, 
ainsi qu'on le verra dans la suite. On pent ef fective- 
ment expliquer par la la situation asymetrique de 
la raie excessivement faible, que j'ai observee ac- 
cidentellement entre les composantes du doublet 
forme par la raie 5791 3 ). Cette question est cTuii 
grand interet theorique, parce qu'elle se rattache 



a ) Voir 8 et 9. 

2 ) Archives Ncerl. (2),' 13, 267, 1908 (No. XII cle ccs ine- 
moires-ci). 



probablement a 1 existence de liens entre les vibra- 
tions paralleles et perpeiidiculaires aux lignes de 
force 1 ). 

2. Pour discuter cette question, qu'il rne soit 
permis de rappeler brievemeiit les formules qui 
determineiit, dans le cas du spectroscope a echelons 
de MICHELSON 2 ), la variation de la diffraction avec 
la longueur d'onde et la distance de deux ordres 
successif s de la meme raie. 

Supposons que la lumiere incidente tombe per- 
pendiculairement sur les plaques de verre du spec- 
troscope, et soient X la longueur d'onde de la lumiere 
transmise, p. 1'indice de refraction, 9 le petit angle 
de diffraction, enfin t 1'epaisseur des plaques et s 
la largeur des degres de 1 'echelon. On a alors en 
premier lieu: 



(1) 

S . A V ' ' a A / 

et puis, si A est la distance de deux ordres successif s, 

2 

(2) 



3. La supposition la plus simple paraissait celle- 
ci, qu'il y a mi deplacement de la composante 
moyenne pour la raie 5791, qui se partage asyme- 
triquement, mais non. pour la raie 5770. Cela me 



*) VOIGT, Ann. d. Phys., (4), 24, 195, 1907. 

2 ) MICHELSON, Journ. d. Phys., (3), 8, 305, 1899. Fiirst B. 
G-ALITZIN, Zur Theorie des Stufenspectroscops, Bull, de 1'Acad. 
Imp. des Sciences de St. Petersburg, (5), 23, nos. 1 et 2, 1905. 
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coiiauisii a employer le spectroscope a eciieiuiis ae 
telle f agon que diverses raies pussent etre observees 
simultanement et comparees. On salt que de la 
facon dont on emploie ordinairement ce spectro- 
scope on ne pent examiner qu'une raie a la fois, ou 
tout an plus des raies qui ne sont ecartees que d'une 
petite fraction d 'unite Angstrom. 

Mais on pent aussi domier aux degres de 1 'echelon 
une position horizontals et placer la fente du colli- 
mateur parallelement a ceux-la, de sorte que tout 
le systeine a ete tourne de 90 a partir de la position 
ordinaire. Mais la fente du spectroscope auxiliaire 
peut rester placee verticalement. En operaiit ainsi, 
ce qui revient en priiicipe a appliquer la methode 
des prismes croises de NEWTON ou celles des ,,points 
d 'interference" (Interferenzpunkte) de G-EHECKE, 
on a 1'avantage de pouvoir regarder en meme 
temps des raies spectrales tres dif ferentes. Chaque 
longueur d'oiide est represeiitee j>ar de courts traits 
horizoiitaux, dont la longueur horizontale est deter- 
mhiee par la largeur de la fente du spectroscope 
auxiliaire. Puis il dependra de la position de 
1'eclieloii que 1'on puisse observer un ou deux ordres 
successifs d 'une raie. 

La figure ci-dessous est une representation schema- 
tique de la partie de 1 'image observee, qui se rap- 
porte aux deux raies jaunes du mercure. Les deux 
traits a et & representent les deux ordres successifs 
de la raie 5770, et le trait a' la raie 5791 dans le 
seul ordre nettemeiit observable; tout ceci se rap- 

XIII 



225 

porte an cas oil la source lumineuse, un petit tube 

a vide contenant de la vapeur de mercure lumine- 

scente, ii'est pas placee dans un champ magnetique. 

Mais si 1'on produit le champ magnetique, ces 

raies se dedoublent en des composantes qui se 

deplacent les unes vers le haut, les autres vers le 

bas. D'ailleurs, si la raie 5791 change de longueur 

d'oude, celle de 1'autre raie ne 

~" variant pas, on devra observer 

un emplacement coiiformement 

aux equations (1) et (2). 

a Si Ton fait Tune apres 1'autre 

a deux epreuves negatives, des me- 

L sures ef fectuees sur ces epreuves 

devront apprendre si le trait a' 
a conserve la memo place ou lion. Or, j 'ai recoimu 
immediatemcnt quo le trait a' se deplagait d'une 
petite quantite, vers a". 

4. J'c domie dans le tableau suivant les resultats 
do quelques mesures of fectuees ainsi sur des 
epreuves negatives, faites suivant la methode du 
3, a des jours differents ct dans des circoiistaiices 
differcntes. 

L 'echelon dont je me suis servi, et que j'ai decrit 
anterieuremeiit l ) en detail, se compose de 30 
plaques do 7,8 mm. d'opaisseur, les degres ayant 
1 mm. de kirgeur. 

La, distance du trait a au trait 1) est mesuree en 



Versing Kon. Akad. v. Wet. Amsterdam, 1901 (No. VII 
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millimetres et indiquee comme distance a I, et 
ainsi cle suite. H est I'mtensite du champ en gauss. 
II resulte cle ce tableau qu'effectivement le champ 
magnetique deplace le trait a' par rapport a a et 
Z>, et que le emplacement augment e avec I'mtensite 
du champ. 



Plaque 


Dans le champ 


H 


Hors du champ 




Distance 




Distance 


n . 




en gauss 








a b 


a a' 


b-al 




a-b 


' 


b-a' 


1.35 


1,215 


0,890 


0,319 


7830 


1,219 


0,89S 


0,321 


139 


1,200 


0,891 


0,309 


10920 


1,208 


0,898 


0,310 


140 


1,214 


0,882 


0,332 


8580 


1,221. 


0,905 


0,310 


141 


1,147 


0,801 


0,28(5 


7700 


1,150 


0,8(57 


0,283 


142 


1,140 


0,849 


0,2 ( J.t 


71.80 


1,147 


0,8(12 


0,285 


144 


1,140 


0,855 


0,285 


15120 


1,145 


,s7i> 


0,273 


140 


1,13(5 


0,819 


0,307 


20340 


1,143 


0,801 


0,282 


150 


1,01)3 


0,74(5 


0,347 


23470 


1,11(5 


0,818 


0,298 



II en resulte aussi quo le deplacement observe 
n'est pas settlement determine par im chaiigemont 
de longueur d'onde de la raie 5791, mais est tine 
superposition, de changements qui se presentent 
dans les deux raies con si do roes. .Kin. o,l!:l:ot, la 
distance a ~b, c. a. d. la distanc.e d(^s deux, ordres 
de la raie 5770, est totijours plus pittite dans la 
premiere section du tableau quo dans la socomle. 
On lie pent pas encore coiiclure de la (|iie la raie 
5770 subit tin changemeiit de, longueur d'onde 
(voir 10). 

5. Si Ton classe les observations du tableau 
precedent d'apres 1'intensite du champ, on. constate 
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la distance a' a" varie considerableineiit a 
ire quo le champ augineiite d'intensite. Le de- 
ement de la raio 5791 n'est pas mic foiiction 
lire de 1'inteiisitc du champ: 1'accroissement 
plus rapide que lie le voudrait line simple loi 
tire. Mais ces observations ne permettent pas 
.es seules de determiner quelle est la loi du 
acemeiit, parce que les raies de comparaisoii 
estent pas lion plus inmiobiles. O'est ce qui 
qiron obticiit des valours de a> a" un pen dif- 
itcs, suivant qu'oii deduit cette distance de la 
atiou de a a on de cello do b a'. 
est iieannioms possible, de dire dans qnel sens 
aie 5791 so deplace. (Test du cote du rouge. 
s la figure du IJ un. do placement vers les 
ides longueurs d'onde c.orresjjoud a un releve- 
L Sur les epreuves negatives on rec.onnait 
uent d(j quel. ('6te d(5 la raie 5791 se trouve Je 
e; on ira qu7i reganUu- .les trois :l:ail)les satel- 
qui ac( j x)iii])agm'nt la rale. ]).riiic.i[)ale c^l; dont 
: out iiiu^ longiKHir d'onde plus, graiide, le, 
ii( N 'inc ay ant line longueur d'oiide plus petite ') 
On pe.ut prouvei' le (leplac^itueut d(^ Ja rai(^ 
iane du triplet par Ja metliode dii chain]) 
I'ogene -), en observant a Paide d'un spe.d-ro- 



JANICKI, I^cincro /('I'lcf-'un^ dci' Sped rull'mien von Qucck- 
u.s.w., Inaugural Diss. liallc. 1 a. S., Ann. <1. Phys., .1!), 
)0(5. 

XKKMAN, Archives Nt'crl. (2), i;.{, 200, .1908 (No. .XII de 
.eiuoires-c'i). 
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scope a echelons. Ce emplacement doit so traliir par 
une eourbure de la raie mediane, courbure qu'on ne 
saurait observer a 1'aide d'un reseau de ROWLAND 
et qui par consequent n'a pas pu etre constatee. 

On rendra cette courbure mieux sensible a 1'oeil 
en faisant en sorte que dans 1 'image des points cor- 
respondant a des intensites de champ fort differen- 
tes soient tres rapproches. Pour y arriver, j'ai 
projete sur la fente du spectroscope auxiliaire, au 
moyen d'un objectif photographique d 'environ 
10 cm. de distance focale, une image, recluite au 
onzieme, d'une tube vide a mercure place dans un 
champ magnetique. 

Fig. 2 de la planche YIII (p. 210) reproduit des 
epreuves, agrandies deux fois, obtenues avec les 
raies 5791 et 5770. La raie mediane a ete observee 
dans deux ordres successif s. Entre les deux on voit 
les composantes des triplets. A mesm'c que la force 
magnetique augmente, les composantes s'ecartent 
de la raie a laquelle elles appartieiiuent, pour 
atteindre un ecartement maximum au milieu du 
champ visuel. 

Dans les figures la eomposante vers le rouge so 
trouve tou jours a gauche de la raie mediane, et au 
milieu du champ elle lui toume sa concavite; la 
deuxieme raie f ortement courbec est la cornposante 
du cote du violet pour 1'ordre suivant. 

La courbure des raies moyennes, dont nous 
voulons precisement prouver 1 'existence par notre 
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raie 5791. On s'en convainct aisement par compa- 
raison avec line bande de papier bien droite. 

La figure de la raie 5770 n 'off re pas cette 
courbure. 

L'asymetrie de la decomposition magiietique de 
la raie 5791 se recommit nettemeiit au fait, que 1'une 
des composantes extremes courbces se rapproclie 
plus de la raie mediane quo 1'autre. 

Si Ton reprcsente par a v - a r les distances des 
composantes a la raie mediane a laquelle elles ap- 
partiennent, ce que j'ai appelc aiiterieurement 1 ) 
la grandeur de 1'asymetrie est represeiite par a v a r . 
Cette difference est d'ailleurs egale aussi a la dif- 
ference des distances qui scparent les composantes 
fortement courbces des raies medianes auxquelles 
elles n'appartiennent pas, et vers lesquelles elles 
tourneiit leur convexite an centre de figure. 

Les deux cpreuves ont etc faites dans un meme 
champ d 'environ 34000 gauss. 

On pourrait se demander mainteiiant si la dif- 
ference a v a r est egale on non au double du clepla- 
cement de la raie mediane. Dans le premier cas 
1'asymetrie resulterait du mouvemeiit de la raie 
mediane vers des longueurs d'onde plus grandes, 
les composantes extremes se deplagant symetrique- 
ment par rapport a la raie primitive. L'autre cas 
est celui qu'on s'attendrait a trouver plutot, sans 
hypothese ni resultats de mesure. 

M Arohivos Necrl. (2), 13, 268, 1903. (No. XII de ces me- 
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7. Afin d'obtenir une repon.se experimentale a 
eette question, j'ai reuni sur une meme plaque 
photographique les figures decrites au 6 et les 
raies non modifiees. Mais je reconnus blent 6t que 
ce n 'etait que dans les champs excessivement iii- 
tenses que pour la raie 5791 la separation entre les 
raies medianes, dans le champ et hors dn champ, 
etait assez notable pour permettre en quelque sorte 
d'eff-ectuer des mesures; voila pourquoi je ii'insis- 
terai pas sur ces experiences. Mais je desire com- 
muniquer encore un detail relatif au tube vide a 
mercure que j 'ai employe dans toutes mes experien- 
ces dans des champs intenses. Ce tube etait de la 
forme mentionnee anterieurement, preconisee par 
PASCHEN, a capillaire assez large. Mais la partie 
du capillaire qui se trouve dans le champ pen eteiidu 
est etiree, de sorte que ce n'est que dans eette partie 
que le capillaire a une petite section. Lies poles 
magnetiques peuvent done etre fortetnent rap- 
proches, sans que pourtant la resistance electrique 
atteigne des valeurs particulierement grandes. 

8. Pour les mesures j'ai opere finalement de la 
f aeon suivante. La fente du spectroscope anxiliaire, 
servant a 1 'analyse preliminaire de la liimiere, fut 
elargie, de faon a voir dans le spectroscope a 
echelons a la fois les deux raies jaunes dii mercure. 
Les degres de 1 'echelon furent places parall element 
a la f ente du spectroscope auxiliaire. L 'image du 
tube a vide, projetee sur la fente, fut choisie de 
telle fagon qu'on ne put analyser que la lumiere 
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venaiit de la partie-homogene du champ. En plagant 
im petit ecran mobile devant la plaque photogra- 
phique, il fut possible de reprodiiire an milieu de 
celle-ci les rates soumises a 1 'influence magnetiqne, 
tandis que les raies dans im champ nul furent 
reproduites dans les parties superieure et inf erieure 
de la plaque. Les cliches ainsi obtemis eonfirme- 
rent le result at du 5 relatifs an deplacement de 
la raie 5791 vers le rouge. 

Pour la raie 5770 le deplacement est excessive- 
ment petit. D'ailleurs ces mesures ne furent pas 
offectuees completernent, parce que, dans le cours 
do ces rodi.orc.hos, G-MELIN 1 ) publia sur le memo 
sujet un.e note qui fit perdre lour intei'et a mes 
mcsni'os. GiNfRTJN ti'aita la meme question d'une 
autrt^ fac'oii. Le pouvoir resolvant pai'ticuliercnnent 
elevo de 1 'echelon dout il s'est sorvi. lui permit de 
])ou,sser Fetude quantitative plus loin qu'il ne 
m'aurait ete possil)le do le faire. 

O qui precedes prouvo suffisammont, jo ponso, 
1'exactitude de 1'obsei'vation., relative a 1'asymetrio 
dans la direction, dos lignes do force 2 ), quo je ne. 
co minimi quai que sous reserve, mais qui mc^ pousso. 
a faivo Tetude decrite ci-dossus. 



II. OBSERVATIONS A L'AIDE DE LA METHODS DE 

FABRY ET PEROT 

LA LOI DU DEPLACEMENT DE LA RAIE MEDIANS 
D'UN TRIPLET DANS LE CHAMP MAGNETIQUE 

9. Les observations faites a 1'aide d'un spectro- 
scope a echelons, et decrites dans les paragraphes 
precedents, ont mis hors de doute 1 'existence d'un 
deplacemeiit de la composante mediane. Ce deplace- 
ment, GrMELiN" et JACK 1 ) le decouvrirent en meme 
temps que moi. G-MELIN le premier donna la loi du 
deplacemeiit pour la raie 5791 du mercure; d'apres 
lui la variation de longueur d'onde est proportion- 
nelle au carre de la force magnetique. 

Dans le chapitre III d'un. travail anterieur 2 ) 
j 'ai communique les mesures relatives a la decompo- 
sition asymetrique de la raie 5791 du mercure. Si 
1'on met cette asymetrie total ement sur le compte 
du deplacemeiit de la raie mediane vers le rouge, 
on devrait conclure des nombres que j'ai commu- 
niques que le emplacement depend de 1'intensite du 
champ d'une fagon qui est seiisiblemcnt lineaire. 
Get exameii a ete effectue a 1'aide d'un reseau de 
ROWI.AND et son but principal etait de prouver 
1 'existence d'une decomposition asymetrique. Ce 
but flit atteint, mais je crois avoir clonne une trop 
grande valeur a la precision des mesures du degre 



x ) Voir VOIGT, Maaiieto-optik, p. 178. 

2 ) Archives Neerl. (2), 13, 267, 1908 (No. XII dc ccs mc- 
moires-ci p. 185). 
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d'asymetrie, d'ailleurs tros difficilcs. Dans des 
champs de Pordre do 20.000 gauss Pasymetrie 
atteint 35 milliemes d'ime unite Angstrom, et 
comme le reseau dont je me suis servi permettait 
de separer, dans le spectre du premier ordre, ou 
j'observais, des rates distantos de 0,12 u. A., 011 se 
trouve dans Ics champs en question quatre f ois plus 
has que la limite du pouvoir separateur. 

O'est tmiqucracnt parcc que dans cctte determina- 
tion de Pasymetrie on a affaire a une difference 
de deux grandeurs tres petites, superieures a la 
limite posee par le pouvoir separateur, qu'une 
mesure a etc possible. 

Mais si Pon pose des exigences excessives a la 
methode employee, des sources d'erreur pen vent se 
faire sentir, pi'ovenant en parti e de notre fac.on de 
juger la distance de deux raies voi sines, ])our une 
autre parti e des parti cularites dans la formation 
des images par un reseau, parti cularites qui n'ont 
pas encore etc suffisamment examinees. 

Voila pourquoi il est certainement recomman- 
dable, dans Pexamen minutienx du deplac.( orient do 
la raie medial le d'un triplet, d'avoir recours h Tine 
methode qui gai'antit un pouvoir separatcur |)lus 
eleve. 

Dans ses recherches GMETJN a fait usage du 
spectroscope a echelons do MioHELSOisr et il parait 
qu'il a completement reussi a interpreter quantita- 
tivement les resnltats fournis par son etude syste- 
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qu'il a obtenu a done une grande probabilite et 
d'ailleurs il est confirms par la theorie, que YOIGT *) 
a donnee pour de fortes asymetries et dans laquelle 
011 admet qu'il s'etablit des liens entre les electrons. 

10. Pourtant il m'a semble qu'il valait la peine 
d 'examiner la question d'une maniere independante 
du spectroscope a echelons et du reseati de ROWLAND, 
et pour cela la methode de FABRY et PEROT etait 
tout indiquee. La plupart des mesures out ete faites 
a 1'aide d'un etalon de 5 mm., que j 'avals cleja 
employe anterieurement ; quelques determinations 
ont ete faites avec un autre etalon, dans lequel la 
distance des plaques etait determinee a 1'aide de 
pieces en invar, et que M. JOBIN avait construit pour 
moi. Par 1'emploi d 'invar, propose par PEROT et 
FABRY, 1 'influence d'un changement de temperature 
de 1 'etalon stir le systeme d'anneaux, pendant 
la duree de 1'experience, etait considcrablement 
diminuee. 

Dans cet etalon I'epaisseur de la couche d'air etait 
de 25 mm. Mais avec cette epaisseur on est de.ia 
tout pres de la limite d'utilite de la methode, pour 
la raie 5791 du mercure placee dans le champ 
employe. Aussi la precision des restiltats obtenus 
a 1'aide d'un etalon de 25 mm. n'est-elle pas bieii 
plus grande, dans iiotre cas, que celle qui est atteiiite 
au inoyen d'un etalon de 5 mm. 

J-ai deja decrit 2 ) en detail 1'appareil employe. 

x ) VOIGT, Magneto-op tik, p. 261. 

2 ) Archives Neerl. (2), 13, 276, 1908 (No. XII de ces mo- 
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Pour le but que je me proposals maintenant 11 
s'agissait cl 'observer exclusivement les vibrations 
paralleles a la force magnetique. A cet effet uii 
rhomboedre de calcite fut place entre la source 
lumineuse et la premiere lentille. Des deux images 
que le tube a vide projetait ainsi sur 1'etalon, celle 
qui etait inutile fut rendue inefficace au moyen 
d'uii ecran. Avant de faire line epreuve photogra- 
phique avec le tube dans le champ magnetique, et 
apres 1 'avoir faite, on en fit line dans un champ 
magnetique mil. 

Outre 1'anneau interieur on soumit aussi a des 
mesures le deuxieme anneau et parfois aussi le 
troisieme et le quatrieme ; les donnees ainsi obtenues 
servirent aux calculs. 

La formule qui servit aux calculs est celle que 
FAHRY et PEROT doimerent les premiers, avec la 
simplification qu'on pent lui faire subir dans notre 
cas 1 ). 

Le tableau suivant conticnt les resultats relatifs 
a la raic 5791 du mercure. La premiere colonne 
donue le numero d'ordrc clc rexperienec, la deuxie- 
me le nurnero de la plaque photographique ; AX ^st 
le ch angement de longueur d 'on.de de la raie moyen- 
]ie. Les intensites des champs sont contenues dans 
la derniere colonne. Les valours relatives, seul.es 
necossaires pour juger de la loi de relation entre 
le deplacement et 1'intensite du champ, sont exactes. 
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Pour etre reduites en gauss, les intensites donnees 
iei devraient etre augmentees de 1 a 2 %. 

Experience. Plaque. AA O en u. A. Intensity. 

1 208 0.0085 12700 

2 209 6 0.0088 12700 

3 211 0.0169 20700 

4 212 C 0.0074 13950 

5 214 C 0.0201 20600 

6 218 6 0.0367 28250 
7. 2l8 d 0.0358 28250 

8 219* 0.0360 28250 

9 220 6 0.0353 29170 
10 220 d 0.0406 29780 

Les experiences 4 et 5 out etc faites a 1'aide de 
1'etalon de 25 mm., les autres avec celui de 5 mm. 
La figure a la page suivante represente graphique- 
ment les resultats. Pour domier une idee de la 
petitesse des deplaeeineiits, je ferai remarquer que 
les composantes exterieures du triplet de 5791 vieii- 
nent a une distance de 0,500 u. A. de la situation 
primitive dans un champ de 29750 gauss; or, 1'or- 
donnee correspondant a 0,500 u. A. aurait sur la 
figure une longueur de 75 cm. 

Les resultats 1, 2 et 4 ont ete rcunis en un seul, 
de meme que 3 et 5, et 6, 7, 8, 9, 10 ; cette combinaison 
a ete faite tout simplement en prenant la moyenne 
des deplacements d'une part, des intensites du 
champ d'autre part. Les valeurs ainsi obtenues 
out ete indiquees par des croix; par ces croix et 
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1'origine on pent faire passer avec grande approxi- 
mation une parabole. 



0.030L/A 



5.000 10.0OO 13.000 20.000 25.000 30.000 

La figure prouve, comme uii simple calcul d'ail- 
leurs, que les deplaeemeiits suivent, dans les limites 
des erreurs experimentales, une loi quadratique. On 
peut admettre que clans cliacun des dix cas observes 
la grandeur du deplacement a ete mesuree a 0,002 
ou 0,003 u. A. pres. 

Pour faire voir comment les nombres A X ont ete 
obtenus, je vais developper les calculs pour un 
des cas. 



2 



A O = 5791 u. A. H 



Etalon 2d = 



12700 
= 120 mm. 
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XQ, x m diametres des anneaux en mm. 

# moyennc de 2 epreuves faites avant et apres x m . 

Premier amieau: 

X Q = 3,662 V = 13,410 

0,160 

x m = 3,640 x m * = 13,250 

Deuxieme anneau: 0,171 

X Q = 2,608 X Q Z = 6,802 

0,182 

x m = 2,573 a; m 2 = 6,620 

AAo== 0.1^.0,008611. A. 
o Jt" 

Pour le triplet 5770 du mercure je n'ai pas pu 
constater de emplacement de la raie mediane. Voici 
les resultats que j'obtins pour les diametres des 
anneaux, dans un champ de 28250 gauss, avec 
1'etaloii de 5 mm. 

l er anneau 2 d anneau 

2,199 3,409 hors du champ. 

2,193 3,408 dans le champ. 

2,199 3,394 hors du champ. 

Dans les limites d'erreur de Tobservation la raie 
mediane de 5770 occupe clone exactement la place 
de la raie non modifiee. 

11. VON BAEYER et GEHRCKE out examine la de- 
composition magnetique clans des champs de faible 
intensite pour diverses raies du mercure 1 ). Dans 



1 ) VON BAYER et GEHRCKE, Ucber den Zccmanei'fekt in 
scliwacheii Magnetfeldern, Verhandl. d. dcutsch. physik. Gc- 

cnlleM-. %o nnnPP TI ^QQ 1 QOfi 1 OP jin T^TI SF17 ft 4-9,.^ 
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leurs recherches ils firent usage du spectroscope a 
interferences de LUMMEE et GEHRGKE et purent 
mesurer la decomposition pour diverses intensites 
du champ depuis 500 gauss. Dans des champs de 
1'ordre de 1000 gauss, VON BAEYER n'observa aucune 
asymetrie pour la raie jaune du mercure. Cela 
s'accorde avec les resultats du 10 et ceux de 
GMELIN. II resulte du tableau du 10 que dans un 
champ de 28740 gauss le deplacement de la raie 
mediane est de 0,0369 u. A. Si 1 'asymetrie est reel- 
lement proportionnelle au carre de 1'intensite du 
champ, sa valour dans un champ de 1000 Gauss n'est 

que de 2 X 0,0369 X (J^V ==0,000090 u. A., ce 

\ *j O j I / 

qui est trop f aible pour etre observe avec les appa- 
reils spectraux actuels, memo ceux dont le pouvoir 
separateur est le plus grand. 



Oe niemoirc consiste au i'ond dc deux memo ires qui avaient 
paru dcja auparavaiit autropart ct qui out etc reunis dans : Ar- 
cliives ncerlaiidaises des .sciences exacte.s et naturelles (2) 14, 
I>p. 2G7 277, augmcntes et modifies et quclques details. C'est 
eette i'oj'ine que nous reinipriinons ici. 

Pour la premiere 1'ois ils ont etc publics dans: Zittingsver- 
slagcn dcr Kon. Akadeinie van Wetenschappeii te Amsterdam, 
VoJ. XVI pp. 618622, 29 .fcvricr 1908, et pp. 855858, 
24 avril 1908 (chapitrc I); Vol. XVII pp. 541545, 24 de- 
ccmbrc 1908 (chapitre II). 

Des traductions anglaises out paru dans : Proceedings of the 
Boyal Academy o.l! Sciences at Amsterdam, Vol. X pp. 574 
578, pp. 862864; Vol. XI pp. 473477. 

line edition allcmande a etc publiee dans: Physikalische 
Zeitschrilt, Vol. 10 (1909) pp. 217220 (chapitrc I) et pp. 
220221 (chapitrc II). 



XIV. THE DEGREE OP COMPLETENESS 
OF THE CIRCULAR POLARIZATION OF 
MAGNETICALLY DIVIDED LINES 

Aluminous gas placed between the poles of an 
electromagnet observed along the lines of 
force, gives in the simplest case, two spectral lines 
of different wavelengths. These lines are situated 
at both sides of the original line. In accordance 
with LORENTZ'S elementary theory my observations 
so far published tend to show almost perfect 
polarisation of the lines of this doublet, the pola- 
rization being right-handed for one, left-handed 
for the other of its components. If the direction 
of the field is reversed the sign of the polarization 
becomes opposite. 

Corresponding to the doublet, observed parallel 
to the field, a triplet is seen when the light emitted 
at right angles to the field is analysed. The com- 
ponents of this triplet are linearly polarized. 

LOEENTZ as early as 1898 1 ) showed that some 
conclusions concerning the polarization of the 
components of magnetically divided lines can be 
drawn from general principles, independently of 
any particular theory. 

One of these results is that light of a definite 
frequency radiated along the lines of force, can 

a ) LORENTX. Amsterdam Proceedings June 1898, p. 113. The 
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never show a trace of linear or elliptic polari- 
zation; it must either be impolarized, or have a 
circular polarization, partial or perfect. 

LARMOB x ) in 1900 concluded that perfect 
circular polarization of the components of the 
doublet, would prove that the corresponding per- 
manent types of vibration in the molecules are 
exactly circular. 

In order to explain the more complicated 
magnetic effects VOIGT 2 ) specialised the general 
theory of vibrating electric systems by supposing 
particular magnetic links between electrons and 
by introducing the hypothesis that the luminous 
particles take a definite orientation under the 
action of the field. A particular direction, the 
"axis" of each particle, becomes under the action 
of the field parallel to the lines of force. 

A rotation of the particles around this specified 
axis undoubtedly is possible, at least it is not 
excluded. This rotation has no influence upon the 
frequency. The orbits of the electrons however 
are rotated as also are the orbits of the 
"equivalent" electrons recently introduced by 
LOKENTZ :5 ) in order to simplify the theory of 
systems containing a number of electrons. 



J ) LARMOR. Aether and Matter, p. 345. 
'-} VoiciT. Magneto- und Elektrooptik, Teubncr, Leipzig. 
p. 98. 1908. 
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The linear polarization of the light emitted nor- 
mally to the field, proves that the orbits of the 
electrons either are straight lines parallel to the 
lines of force or ellipses in planes perpendicular 
to the field. 

The completeness of the circular polarization 
parallel to the magnetic force would prove that 
the ellipses are circles. Partial circular polariza- 
tion however would prove the existence of ellipses 
with all possible fortuitous orientations in planes 
normal to the field. 

In general one would expect, that the compo- 
nents of a magnetically subdivided line emit 
partially polarized light parallel to the field. 
Without hypothesis or further measurements this 
more general statement must even be regarded 
as the most probable. A quantitative examination 
of the ratio of circularly polarized light contained 
in the total light emitted by the components, has 
not been made till now. 

2. My observations with ROWLAND'S grating 
are consistent with the opinion that the radiation 
of the components of the doublet is accompanied 
by a rather high percentage of ordinary light. 

The brightness of grating spectra is only small 
compared with the intensity of the original, inci- 
dent light. The amount of ordinary light contained 
in the total radiation of the doublet easily could 



compared with that of the spectral line be by no 
means small. 

In order to decide experimentally between the 
two possibilities, I have made some experiments 
on the completeness of the circular polarisation. 

As regards intensity of light MICHELSON'S 
echelon spectroscope certainly surpasses all other 
spectroscopes of high resolving power. It there- 
fore was the most suitable instrument for the 
projected experiments and satisfied a first con- 
dition I had to attend to. 

A second condition to be satisfied for the pro- 
jected experiments is that the source of light be 
as intense as possible. 

I therefore for the present only investigated 
the spectra of sodium, mercury and thallium, 
which can be- obtained with great intensity. Those 
few elements moreover have the advantage of 
exhibiting several different types of magnetic 
separations. 

The methods used for the investigation of the 
circularly polarized light arc given in. 3 5. 
Particulars concerning the sources of light arc 
contained in 6. The observations and conclusions 
concerning the chief subject of this paper form 
the end of this communication 7 13. 

3. Verification of the circular analysers. 

In order to investigate the circularly polarized 
light of the components it is simplest to use 
cither quarter-wave plates or FRESNEL'S rhomb. 
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last, contrivance lias me aa vantage 01 
suiting simultaneously the necessary conditions 
for a large part of the spectrum. The quarter- 
wave plates, however, can be selected only for a 
very limited part of the spectrum. They can easily 
be adjusted for the purpose in view rather ' by 
splitting mica sheets. 

The interference colour exhibited, when the 
plate is placed between crossed, nicols, in parallel 
light, gives a measure of the retardation produced. 

As the estimation of this colour is, however, 
always a matter of some difficulty and if a 
somewhat great accuracy is desired, it is a much 
better plan to analyse the light leaving the 
second nicol with the aid of a spectroscope. The 
results become more accurate, if one combines a 
moderately thin plate of double refracting crystal 
with the mica sheet. The simple theory of the 
dark bands, now visible in the spectrum, is well 
known and needs not to be given here. Since the 
time of FIZEATJ and POUCATJLT many physicists 
have used them for the measurement of phase 
differences. 1 ) 

A plate of quartz, cut parallel to the optical 
axis,' and of about 2 m.m. thickness, gives 
18 bands between the red and violet hydrogen 
lines. 

These bands are most distinct, if the principal 

a ) See 1 i. CORNU in the paper cited snb 3. 
XIV 
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sections of the nicols and the mica be inclined at 
an angle of 45. 

If the mica and the quartz plate be superposed 
in such a manner, that the principal sections 
correspond, a displacement of the bands in a 
certain sense, e.g. towards the red is observed. 

If then the mica be rotated through 90 the 
displacement is towards the violet. 

The amount of the total displacement observed, 
by the interchange of the two positions of the 
mica, is easily measured. The ratio of half this 
displacement and the distance of two succeeding 
bands gives the difference of phase produced by 
the mica for the region of the spectrum under 
consideration. 

KoNKJ 1 ) and OOKNU 2 ) suggested the use of a 
double quarter-wave plate with horizontal boun- 
dary line for the easier observation of the longi- 
tudinal magnetic effect. 

I myself often make 1 , use of mica, plates of the 
same land but divided into three fields, as indi- 
cated in the figure. The principal sections of the 
fields are indicated by the arrows. 

Such a three-fold plate is made nearly as easily 
by the experimenter as a double, one, whereas for 
measurements its use- allows of a somewhat 



higher accuracy by reason of the symmetry of the 
field of view. 



Rg. i. 

Using either these double or three-fold mica 
plates one immediately gets the total displacement 
of the bands, if a quartz plate be superposed and 
the combination placed between crossed nicols. 
An image of the horizontal lines of separation is 
projected by means of an achromatic lens upon 
the slit of a spectroscope. 

In fig. 1 of Plate IX a photograph taken with 
a three-fold micaplate is given. The relative retar- 
dation produced by the mica is a quarter of a 
wave-length, if the distance of two bands in the 
outer fields is just halved by one in the middle 
field. 

A comparison spectrum from X = 6563 (H) to 
\ = 4078 (Hg) is taken simultaneously. How large- 
ly the phase-difference in the mica depends uj>on 
the wavelength is very clearly shown. 

4. FRESSTEL'S rhomb gives, as is well known, 
circularly polarized light after two total reflexions 
of light polarized at an azimuth of 45. 
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This arrangement, if perfect, has the advantage 
of giving circularly polarized light for all colours 
of the whole visible spectrum. I examined as to 
how far the rhomb at my disposition satisfied the 
requirements imposed by the object I had in view. 

The chief purpose of my investigation requires 
a rather close approach to the ideal condition. For 
this reason and also because, as far as I know, 
FRESNEL'S beautiful invention was never investi- 
gated by the method of interference bands, I may 
be allowed to give a more extensive treatment of 
the results than I otherwise would have contem- 
plated. 

In order to obtain also with FRESNEL'S rhomb 
two fields in which the bands are shifted in oppo- 
site directions, the rhomb is to be combined with 
.a double plate. I used a double-plate x ) made of 
a plate of quartz, 1.7 m.m. thick, and cut parallel 
to the axis. This plate is cut in two halves by a 
line making angles of 45 with the principal 
section; one half is then rotated round an 
axis perpendicular to the line of separation, 
through 180. 

Fig. 2, PI. IX, was obtained by means of this 
doubleplate and a rhomb, many years old and 
belonging to the collection of the Amsterdam labora- 
tory. The deviation from an ideal apparatus is 
very apparent on inspection of the photograph. 

x Of. CORNU 1. c. 
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Measurement shows that the bands are shifted from 
the position they should occupy with an accurate 
quarter-wave apparatus, by an amount, which in 
the red is nearly 11 % of the distance of two 
succeeding bands. In the green and violet this 
amount becomes 9 resp. 10.5 %. 

5. Much smaller deviations gives a recently ob- 
tained rhomb, as is readily seen by comparison of 
the photographs 2 and 3 of PL IX. 

A. someAvhat higher accuracy was still obtained 
by interchanging the prism of the spectroscope 
used by a more dispersive one. It now, however, 
became impossible to photograph the whole spectrum 
at one operation. Fig. 4 and Fig. 5 (PL X) have 
been, obtained with the old FRESNEL-rhomb and the 
higher dispersion. With the last dispersion and the 
new rhomb one can without measurements scarcely 
decide upon the sense of the error in the relative 
position, of the two band systems (see Fig. 6 and 
Fig. 7) . The deviation of a band in one field, from 
the centre of two bands in the other, never exceeds 
3.2 % of the distance of the bands. (The deviations 
are 1.7, 2.6 and 3.2 % for the red, green and violet). 

Let the deviation, defined in this manner, be 
p percent, then the corresponding error of the phase 

V) 

becomes -- X 360 = l.Sp degrees. For the green 

p is about 3 %, hence 5. 4. An error of this amount 
in the phase difference of 90, which exists between 
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polarized light can be resolved, may easily be shown 
to have no influence in the case of the measurements 
of intensity described in 1. 

Let completely circularly polarized light be 
incident upon the rhomb, then the light after re- 
flexion by the rhomb, giving a retardation of 90 
diminished or increased with a small angle d , may 
be represented by : 

x == a cos nt ) 

y a cos (nt -f ) ) 
Hence 

x 2 2xy cos c> -f- ?/ 2 = ffl2 s i nZ % 

The principal axes of this ellipse become: 
{- a }/2 sin d and a 1/2, hence their ratio I sin $. 

When * = 6, then } sin 9 = 0.0522. 

The intensity of the light leaving a nicol with 
its plane of vibration perpendicular to the major 
axis of the ellipse, becomes (0.0522) 2 = 0.0027. 

As the minimum intensity, which under the cir- 
cumstances of our observations may be recognized, 
will appear to be of the order 0.01, even, an error 
twice or three times the one now accepted for 
FRESNEL'S rhomb, cannot disturb our results. 

6. Sources of light. Vacuum tubes charged 
with mercury, thallium or sodium, and heated to 
the required temperatures, were used as sources of 
light. The tubes were excited by means of an induc- 
tion coil with high-speed interrupter. 

In order to render the luminosity of the tubes 
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as high as possible, the current in the coil was gra- 
dually increased to the maximum just possible 
without impairing the narrowness of the spectral 
lines. 

In the case of sodium the troublesome separate 
heating of the tube was eliminated by following a 
somewhat modified procedure. Mercury tubes re- 
quire only a preliminary heating, the current once 
started being sufficient to supply the necessary 
heat. It was tried to mix up some fine powder of 
previously heated chloride of sodium with the mer- 
cury. The tube now exhibited, besides the mercury 
lines, the sodium lines with extremely great inten- 
sity. Often only some parts of the capillary are 
radiating; the most suitable part is then selected. 
In the experiments with sodium the coil was 
actuated by an alternate current, a maximum of 
12 amp. being possible before the widening of the 
sodium lines considerably interfered with the work. 

7. Arrangement of tlie experiments. A few 
words will suffice to describe the disposition of the 
experiments. 

A BIT Bois-electromagnet with one perforated 
polar piece was used. The light emitted parallel to 
the field and made parallel by means of an achro- 
matic lens, traversed FRESNEL'S rhomb, then a 
second achromatic lens, which forms an image on 
the slit of the auxiliary spectroscope. 

This preliminary analysis enables us to select a 
definite spectral line for further investigation by 

XIV 
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means of the echelon spectroscope, a more detailed 
description of which I gave on a former occasion 1 ) . 
Between the second lens and the slit of the auxiliary 
spectroscope a NICOL'S prism was introduced, moun- 
ted upon a divided circle, which gave the rotation 
of the nicol in degrees. 

The front plane of the rhomb was placed accura- 
tely perpendicular to the beam. 

The plane of incidence of the FEESNEL rhomb 
was made vertical in most experiments. In a few 
observations it was set at an azimuth of 45 with 
the horizontal plane. 

In the first case the emergent linear vibrations 
are at an angle of 45 with a vertical line; in the 
second case they are either horizontal or vertical. 

The method of procedure is very simple. The 
nearly ideal FRESKEL rhomb transforms light of 
completely circularly polarized doublets into two 
perpendicular, linear vibrations. By means of a 
nicol either the one or the other of the lines can be 
completely quenched, provided there is no trace of 
ordinary light in the double Unex. 

The observations with the linos investigated, 
indeed show that such must be the case. The value 
of the result depends upon the sensitivity of the 
method. 

The observations consisted in finding the two 
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at which the light was just recognizable with 
certainty. 

If a bo the angle the nicol is then rotated from 
the zero position, I sin 2 a represents the brightness 
of the emergent light, I being the intensity of the 
linear vibration. 

We can be sure that the quantity of ordinary 
light, emitted by one of the components, must be 
below I sin 2 a . 

8. 'Results. The observations consist in deter- 
mining the value of a. for the different spectral 
lines. I will arrange the results according to the 
different types of subdivisions, observed normally 
to the field. 

Triplet, mercury, X =5791, doublet parallel to 
the field, a =7 sin 2 a =0.0144. The observation 
is somewhat hindered by satellites of the principal 
lilies. 

Triplet, X 5771, doublet in direction of field. 

In extremely strong fields every component is 
resolved into three lines. This strength of field was 
not reached. 

* = 5 sin 1 a, = 0.0076. 

Quartet, sodium, X = 5896, doublet in direction 
of field. 

45 = 5 sin* x = 0.0076. 

Sextet, sodium, X = 5890, quartet in direction of 
field. 

# = 6 sm 2 * = 0.0108. 



Nonet, mercury, X = 5461, strong green mercury 
line, sextet in direction of field, 

* = 5 sin* a, = 0.0076. 

Sextet, thallium, X = 5351, quartet in direction 

of field. 

* = 8 sin* x = 0.0196. 

Probably a lower limit can be obtained, when a 
more satisfactory thallium tube is made use of. 

9. Influence of reflections from the walls of the 
vacuum tube. 

In the course of the investigation different mer- 
cury tubes were used. With one of these I had the 
opportunity of repeating an observation, made 011 
a former occasion 1 ), under very less favourable 
circumstances. I will give some details for a case 
of simple magnetic separation. 

The yellow mercury lines split into two compo- 
nents, if the light is examined parallel to the field. 
Observing in the latter direction and while using 
a new tube I was astonished to see the yellow 
mercury lines divided into triplets, the three com- 
ponents being of equal intensity. The plane of 
incidence of the rhomb was under this observation 
vertical. The intensity of the central line of the 
triplet was a maximum when the plane of vibration, 
of the nicol was horizontal, being zero when it was 
vertical. The central line apparently is linearly 

!) ZEKMAN, Amsterdam Proceedings 29 Febr. 1908, p. 573; 
c'.f. this collection paper XJI, p. 218. 
LOHMANN, DisH. Hallo S. 62, 1907. 
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polarized. It is easily seen, by means of a figure 
that tMs central line may be due to light, emitted 
nearly at right angles to the direction of the field, 
and, after being reflected once or twice from the 
inner surface of the capillary, emerging in the 
direction of the axis of the electromagnet. 

Apparently in the direction of the axis a doublet, 
circularly polarized, is seen superposed upon a 
triplet with linear polarization. In the specified 
position of the FBESNEL rhomb, at an azimuth of 
45 of the nicol one of the components of the 
doublet, after a rotation of 135 the other compo- 
nent must vanish; then, however, the vertical com- 
ponent of the reflected triplet still must remain 
visible, its intensity being halved, because the prin- 
cipal section of the nicol makes in the case now 
considered an angle of 45 with the vertical line. The 
outer components of the yellow mercury triplets 
only have about one half of the intensity of the 
central component, hence, if expressed in the inten- 
sity of the latter only % remains for the vertical 
vibrations. Observations wholly confirms this. 

If the FBESNEL rhomb be brought into such a 
position that the plane of incidence makes an angle 
of 45 with the horizontal plane, the central com- 
ponent must be expected to exhibit circular pola- 
rization. 

This also was confirmed bv observation, as other 

* / 

conclusions to be drawn in the case now under 

review. 
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I may be permitted to mention that the central 
component in the case of the mercury Hue 5790 has 
an asymmetrical position; symmetrical, however, in 
the case of 5771. This appearance corresponds 
exactly to what is observed in a direction normal 
to the lines of force 1 ). 

The described phenomena in so far as they are 
due to the reflected light, ordinarily are only just 
recognizable, the intensity of the light being rather 
small. The capillary used in the last mentioned 
observations was of wide bore. With fine capil- 
laries the intensities of the reflected components 
are considerably weakened. 

The diameter of the luminous filament, which 
emits the most intense light, and which is visible 
while the vacuum tube is subjected to magnetic 
forces, probably has as much influence as the width 
of the capillary in determining the intensity of the 
reflection phenomena under consideration. The 
results of 8 have been obtained with tubes exhibit- 
ing only slight perturbations due to reflected light. 

10. The middle component in one or two of the 
experiments appeared to exhibit only nearly plane 
polarization. The reason of the very small ellip- 
ticity of the reflected light might perhaps be due 
to the elliptic polarization, which VOIGT predicted, 
in the case light is emitted in a direction inclined 
to the lines of force. 

*) ZEEMAN, Amsterdam Proceedings 30 Nov. 1907, p. 351; 
c.f. this collection paper XII, p. 185. 



256 

Such obliquely emitted light undoubtedly contri- 
butes to intensifying the observed central line. 

A somewhat faulty position, however, of 
FKESNEL'S rhomb also may be responsible for a 
slight ellipticity of the polarization. New exper- 
iments of course are wanted before the predicted 
elliptic polarization can be considered as proved 
by experiment. In my present observations only 
a very first trace of the effect may perhaps be 
operative. 

11. Before leaving the subject of reflections in 
the tube, one point may be considered somewhat 
more in detail. It is possible that the circularly 
polarized light of the components of the doublet, 
reflected back in the original direction may disturb 
the purity of the observed effect? 

The same electron, which emits right-handed 
circularly polarized light in the direction of the 
lines of force, 'which, let us assume, proceed to us, 
in the opposite direction sends left-handed circu- 
larly polarized light of the same period. By reflect- 
ion, however, the sense of the circular polarization 
is reversed, hence the direct as well as the reflected 
beams enter the eye right-handed circularly 
polarized. The only effect is an increasing of the 
intensity of the doublet components. It is easily 
shown that also multiple reflections from those 
parts of the wall of the capillary, which are normal 
to the field, will only modify the intensity. 

12. Experiments with absorption lines. I have 



257 

made also some experiments on the sensitiveness of 
the inverse effect, a sodium flame j)laced between 
the perforated poles of a large DU Bois-electro- 
magnet being traversed by the white light of an 
arc-lamp. A large concave ROWLAND grating was 
made use of for the analysis of the light. The 
ROWLAND grating can be used for the study of the 
inverse magnetic effect, because the brightness of 
the arc-lamp more than compensates the feeble 
reflection by the grating. 

A double quarter-wave plate and a nicol are 
traversed by the beam. By means of the mounted 
nicol the right-handed circularly polarized compo- 
nent in one part of the field, the left-handed in the 
other can be made absolutely black. The corre- 
sponding position of the iiieol we call the zero- 
position. In this position not the slightest trace of 
absorption can be seen at the places of the other 
components, which only appear after a considerable 
rotation of the nicol. The positions of the nicol, 
on either side of the zero-position, were found at 
which the earliest recognition of the absorption 
lines was possible. The first trace of the lines only 
became visible after a rotation of 20 from the zero. 
Hence, we conclude, that the absorption must al- 
ready be considerable before being perceptible and 
that ordinary light in the components of the doublet 
can be recognized more readily by observations on 
the direct effect. 



13. Conclusions. I think I have proved by the 
experiments described: 

(1) that we must accept, till the contrary has 
been proved, that in the case of line spectra the 
displaced 1 ) components of magnetically subdivided 
lines, emit parallel to the lines of force completely 
circularly polarized light, 

(2) that the amount of ordinary light which 
might be emitted simultaneously with the circularly 
polarized light, is in the case of several spectral 
lines less than 1 % of the total intensity of the 
spectral line. 

As the intensity of light of the apparatus used 
(ROWLAND'S grating, then MICHELSON'S echelon) 
has increased, so the percentage of ordinary light, 
possibly present, has decreased. 

We must conclude, that the orbits of the equiva- 
lent electrons, in planes normal to the magnetic 
force, are with great approximation circles. Elliptic 
orbits, fortuitously distributed in planes normal to 
the field, need not be conjectured for the repre- 
sentation of the phenomena. 

Bather closely connected with the subject of this 



a ) I expressly speak of displaced components in order to 
except a component which has the same position as the tin- 
modified line. The groups of oppositely circularly polarized 
components then have a central line in common, which must 
be unpolarized. The quintets A = 3788.01 and A = 3743.45 
of the iron spectrum, investigated by H. BECQUEREL and 
DESLANDRES and lately measured by Mrs. VAN BILDERBEEK in 
the Amsterdam laboratory, provide examples of the type. 
[Note added to the english translation]. 

xrv 
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are the latest investigations of JEAN BEO 
x ) and A. DuFOUR 2 ). DUFOUE obtained 
new results concerning the banded emission 
of the alkaline-earth fluorides and chlorides 
ig in a magnetic field and in some cases 
d incomplete circular polarization. Several 
ion bands of xenotime and tysonite accor- 

J. BECQUEBEL *) also exhibited incomplete 
1 polarization in a longitudinal magnetic 
He showed, however, lately 3 ) that in the 

these crystals there is no real incomplete 
itioii, but that under the action of the mag- 
iM besides the principal components, others 
itly different wavelength, come into exist- 
hich exhibit a polarization opposite to that 
principal lines. 



taper was first published in: ^ittingsverslatfen der 
,demie van AVetcnsehappen to Amsterdam, October 30 111 
I. XVIII pp. !U7 J12S. A translation, which has been 
[ here, appeared in: Proceedings '.Royal Academy of 
at Amsterdam, Vol. XII pp. U4f) l.ir>(>. It has been 
I also: Archives Neerlandaises (2) 15, |>p. 179 .19:1 
rsikalische ^(iitschrift, Vol. 11 (19:10) pp! 17. 
559. The edition in: Archives Neerlandaises also meti- 
Ihis connexion the work of 11. nu Jk)is and 0. ELIAS, 
ierl. (2) 14, p. 87. 



IKKKL (1. R. T. 145, p. 4 Hi. 1907. 

('. R. T. 14(>, p. 11H et p. 229. 1908. Journal, 
quo. Avril 1909. 

N JJi'XXiinwKL. Amsterdam Proc. |). 14(i. June 1909. 
tiou ;\ la connaissancc du phenoiuene de ZKKMAN dans 
lux. See also supplement No. 20. Leyden (Joiiinm- 



XV. THE MAGNETIC SEPARATION OF 
ABSORPTION LINES IN CONNEXION 
WITH SUN-SPOT SPECTRA 

AS a consequence of the intimate connexion 
between emission and absorption, there exists, 
closely corresponding to the magnetic separation of 
emission lines, a magnetic division of absorption 
lines. The dark lines which appear in a continuous 
spectrum, if a beam of white light traverses an 
absorbing flame, are divided and polarized under 
the influence of magnetic forces in exactly the same 
way as the emission lines. This correspondence 
between emission and absorption was shown to exist 
in some of the earliest experiments 011 the subject 
by one of the present authors. Our knowledge 
of emission spectra under magnetic influence 
has since been extended considerably. The experi- 
mental study of the inverse effect, i. e., the mag- 
netic division of absorption lines has, however, 
advanced less. 

After the first experiments of the first-named 
of the authors of this paper, the change of absorp- 
tion lines in a magnetic field was studied by 
KONIG 1 ) and COTTON 2 ) ; RIGHT y ) made an elabo- 
rate study of the subject, to which we have to return 
later 011. It contains the only investigation of the 
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magnetic effect in a direction inclined to the lines 
of force. Closely connected with our subject are 
finally some observations by LODGE and DAVIES d ) 
on the influence of a magnetic field on flames emit- 
ting "reversed" lines. 

The consideration of the inverse effect forms the 
basis of VOIGT'S magneto-optical theories 2 ); and 
it is considered also by LORENTZ :>> ) in his investiga- 
tion of the magnetic separation in a direction 
inclined to the line of force. 

Theory indicates different points, which may be 
tested by experiment. The inverse effect has be- 
come of supreme interest in solar physics, since 
JlAiYF/s 4 ) discovery that the dark lines of the sun- 
spot spectrum exhibit the characteristic phenomena 
of magnetic separation. 

The experiments we intend to describe in the 
present conn mini cation, relate to the division of the 
sodium lines /^ and I). 2 > Some of our results niay 
already be found in the work of the authors cited, 
but in order to present the subject in. a connected 
form it seemed necessary not to exclude these. 

The facts now ascertained in combination with 
Former results appear to be of some value in explain- 

l ) LOIKJK and DAVIKS. Proc. R. Hoc. (51, 4.1:5. .1897. 

") W. VOTOT. Magneto- nnd Elektrooptik. Chapter IV and 
the papers there cited. 

:I ) II. A. LOKKNTO. Amsterdam Proceedings, Vol. XII, 
j>. :) 1 21, 1009. 

v ) (1. 111. HALK. On the prolmhle existence, of a magnetic, field 
in sun-spots. Conlrihiitions from the Mount Wilson Solar Oh- 
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ing peculiarities observed in sun-spot spectra. Some 
instances will be given later on. 

2. Type and relative amount of the magnetic 

division of the sodium 

a I I I I I I 1 emission li TIGS, D\ and D 2 , 

1 * ' ' ' ' V D -r-i- -, 

7 I I II) are & lven in l %- 1" 

a represents the obser- 

a I 1 111 vations when the line of 

> D 
/| If sight is at right angles to 

the magnetic field, 1) when 
Fig L it is parallel to the field. 

In a. weak magnetic field D 2 exhibits the triplet 
type at right angles to the field; the doublet type, 
if the light is examined parallel to the lines of force. 
D l seems to exhibit a doublet in both principal 
directions. 

The PRAITNHOFEE lines in the spectra of sun-spots 
investigated by HALE are 'either broadened, or 
changed to doublets (often incompletely resolved 
quartets), or to triplets. The resolutions exhibited 
by sodium vapour are therefore the very types of 
special importance to astrophysics; this and also 
the facility of producing sodium vapour in the mag- 
netic field induced us to commence our experi- 
ments with this substance. 

3. The explanation of the inverse effect is easily 
understood by means of the well-known law of reso- 
nance. If there are in a flame under the influence 
of a magnetic field three periods of free vibrations, 
then we xnav expect that from incident white light, 
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vibrations of just these three periods will be taken 
away. The absorption is a selective one, with the 
peculiarity that the selection refers not only to the 
period but also to the direction of vibration. Consi- 
der for example the central component of a triplet 
which, in the emission spectrum is due to vibrations 
parallel to the field. From incident white light, 
only vibrations corresponding as to period, as well 
as to direction of vibration with the middle compon- 
ent, are absorbed. Vibrations perpendicular to 
the field, though of the period of the unmodified 
line, pass unimpeded. 

On the contrary, white light of periods coinciding 
with those of the outer components is deprived of 
its vertical constituents only. 

It will be cleai.' from these very simple conside- 
rations what we. may expect to observe with white 
light under the conditions of the experiment. The 
arrangement was the following: White light of the 
incandescent positive pole of an arc-lamp traverses 
a sodium flame, placed between, the poles of a 
iw Bois-electromagnet. This light is analysed by 
means of a stigmatic spectroscope having a large 
ROWLAND grating. The observations are, made in 
the first order. 

If the observation is made at right angles to the 
lines of force, we see in the continuous spectrum 
4 dark components in the case of J9 1? 6 dark com- 
ponents in the case of 7J 2 > as represented for both 

li-ii/ic' Ti-n/lfiv // in -flu* /li'KvriimmjitiVnl "fi T ur 1 



In order to observe all these components the field 
must be strong and the vapour-density adapted to 
the field. 

The groups of lines indicated by ~b are seen, if 
the light is examined axially. 

All these components, if narrow, are seen only 
diffuse and not black. From the considerations 
above given the reason will be clear at once; each 
of the components absorbs only half the incident 
natural light. "With very diluted vapour no absorp- 
tion at all or only very weak traces of absorption 
are seen. 

4. The introduction of a nicol in the beam, before 
or after the field, entirely changes the phenomenon. 
The absorption lines can then be seen very narrow 
and black. 

Let the observation be made at right angles to 
the horizontal field, then, if the nicol is placed with 
its plane of vibration vertical, D^ exhibits its two, 
D-2 its four outer components. 

After a rotation of the nicol through 90 both D 
and Do gi ye on ty 'the two horizontally vibrating 
components. 

Let a beam of natural white light traverse axially 
the magnetized vapour placed between the perfor- 
ated poles of an electromagnet. Then by means of 
a quarter-wave plate and a nicol we may quench 
either the right-handed or the left-handed circularly 
polarized component. 

A combination of a quarter-wave plate and a 
xv 



nicol, converting incident light into right-handed 
circularly polarized light, may be called a right- 
handed circular analyser. The absorption line corre- 
sponding to a right-handed circularly polarized 
component is seen with both increased clearness and 
darkness by examining it with a right-handed cir- 
cular analyser. 

We introduce this simple matter here because 
there has been occasionally some confusion on this 
subject. 

5. The behaviour of horizontal and vertical vibra- 
tions may be studied simultaneously by using a calc- 
spar rhomb according to the suggestion of CORNTJ 
and KONIG. By means of it we can obtain two oppos- 
itely polarized images of a horizontal slit of suitable 
width, placed near the magnetic field. 

Right-handed and left-handed circular vibrations 
can be separated on the same plan by the introduc- 
tion of a FRESNEL rhomb between the calcspar and 
the slit of the spectroscope. 

It is, however, of considerable interest to examine 
also the behaviour of the lines in natural light. A 
separate examination, after the removal of the pola- 
rizers might be made. The vapour density ought 
to l)e the same in both experiments. It seems diffi- 
cult to realise this in practice. 

The desired end is secured more simply and 
surely, and with only half the labour, by adopting 
the width of the horizontal slit and the thickness of 
the calc-spar in such a manner that the two images 
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Fig. 2. 



given by the calc-spar partially overlap. We now 
obtain three strips; the central one exhibits the 
phenomena as seen, without po- 
larizing apparatus. (See Fig. 2). 
The upper and lower strips 
show the influence of polarized 
light on the phenomenon. 

The observations given in this 
communication have been made by the method 
described. By its use all particulars of the phenom- 
enon are simultaneously exhibited; we also suc- 
ceeded in photographing the essential points. 
Examples of our photographs are given on the 
accompanying plates. 

6. If the absorption lines are not narrow or if 
the magnetic field is weak, the components of a 
magnetically divided line will partially overlap. 
This partial superposition is the cause of some pecu- 
liarities, especially manifest 
in the inverse effect and 
probably also apparent in 
sunspot spectra. 

The nature of these pecu- 
liarities may be illustrated 
by a few examples. We will 
consider the case of the 
magnetic triplet and the 
magnetic doublet. 

In Fig. 3 the curves show F ig . 3. 

the distribution of intensity of the three components 
xv 
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of a triplet, if the light is examined at right angles 
to the lines of force. If natural light traverses a 
source of light placed in a magnetic field, two black 
bands are seen., corresponding to the wavelength, 
for which vertical as well as horizontal vibrations 
are absorbed. 

These black bands are surrounded by less dark 
parts, which absorb only one of the principal vibra- 
tions, the other proceeding unimpeded (cf. 3 
and 4). 

If a nicol with its plane of vibration vertical, is 
now introduced, two black bands are again seen. The 
darkest part of these components corresponds 
to the maximum of the curves relating to vertical 
vibrations. 

As a general rule the distance of the components 
exceeds that of the lines first 
considered. 

7. Parallel to the lines of 
i force a partial, not too small, 
overlapping of the components 
J produces a black line limited 
I by two less dark parts, This 
case is illustrated diagramma-' 
tically in Fig. 4. 

The two components may be 
separated by a circular ana- 
Fig. 4. lyser. 

These considerations may be applied to the mag- 
netic division in sun-spot spectra; as a general 
rule we may expect that the separation of lines in 





amount by the use of analysers. 

The introduction of a nicol in the beam may also 
reveal lines invisible without analyser. 

Several peculiarities observed in the distribution 
of intensity in spot lines, remind one of the super- 
position phenomena now specified 1 ) ; cf. 19 
below. 

8. Superposition effects of nearly, though not 
exactly, the same nature occur if lines with the same 
direction of vibration are superposed and if the 
continuous source of light emits unpolarised light. 
In the more complicated divisions the superposition 
now specified occurs also. It is just possible that 
the superposition of the outer components of the 
sextet, type D 2 , produces only dark, that of the 
inner and the next outer components, black lines 
in the continuous spectrum. 

It is easily seen that also in the case of the 
quartet, type Z> l5 black lines may be produced. The 
darkest parts may be seen somewhat nearer to the 
middle of the complete figure than the outer com- 
ponents of the quartet. 

It seems unnecessary to illustrate this by figures. 
Examples of the actions specified will be given 
presently. 



x ) A figure equivalent to the one now given concerning the 
influence of superposition of magnetically divided components 
was already drawn for emission lines in ZEEMAN. Doublets and 
Triplets in the Spectrum produced by external magnetic forces. 
Phil. Mag. July 1897 6 (c.f. this collection paper II). 
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9. Our observations and spectrograms also 
relate to the two principal directions (parallel and 
at right angles to the lines of force), and to direc- 
tions inclined to the field. 

In the present, first, communication, observations 
are discussed, relating to 5 different angles between 
the field and the direction of propagation of the 
beam (VOICT'S <p, LOEENTZ'S 3). 

These values are: 90, 0, 60, 45, 36 39. 

The results of the work relating to these angles 
have been recorded on nearly 100 spectrograms. 

10. Observations perpendicular to the field. In 
the upxjer of the three strips which are pre- 
sent in the field of view (see 5), the light vibrates 
vertically; in the lower one, horizontally, whereas 
the middle part relates to natural light. 

Under the influence of the magnetic field we 
therefore see the vertically vibrating components 
as narrow black lines. The quartet of the D^ line, 
the sextet of the D^ line may be seen very clearly 
by this method. A small disturbance is produced 
by the narrow reversed lines due to the electric are 
light. The intensity of these lines depends upon 
somewhat variable circumstances of the arc itself. 
In some cases these lines are almost invisible, in 
other cases more prominent. They are to be seen 
on some of our reproductions; with our present 
subject they have nothing to do. 

As regards the central strip we refer to the 
remark loreviouslv made, that the image of the 



(3) because the absorption is only partial. 

The partial superposition of components gives, 
at least in the case of diluted vapour, the most, 
conspicuous lines ( 6 and 7). 

In the case of the quartet, for example, one 
sometimes sees, instead of four, only two compon- 
ents, situated between the inner and outer ones. 

We made experiments with different vapour 
densities. The observed phenomena may be classi- 
fied under three phases : 

(1). The vapour is very dilute. The components 
are clearly visible in the upper and lower strips. 
In the central strip the absorption is either hardly 
perceptible (Plate XI, Fig. 1) or the components of 
the quartet and the sextet are seen as separate, but 
weak lines (Plate XI, Fig. 2). 

In this phase of the phenomenon the great dif- 
ference of definiteness of the central and outer 
regions is very remarkable. This contrast is still 
more marked with eye observation. 

In order to obtain good photographs, it was neces- 
sary to increase the density of the. vapour above 
the one required for the observation of the very first 
trace of absorption. 

(2). Vapour of intermediate density. 

The components in the upper and lower strips 
are now 110 more separately visible, or only in the 
case of the quartet. In the central stripe a super- 
position of the kind mentioned in 6 "takes place. 

j 
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Ill place of the quartet an apparent doublet is seen, 
the components of which are situated between the 
outer and inner components of the quartet. This 
case is very clearly represented in Plate XI, Fig. 3. 
The phenomena exhibited by the sextet (D 2 line) 
become rather complicated. 

The superposition phenomenon is often very 
distinct. The D 2 nne on Plate XI, Fig. 3 shows the 
appearance sufficiently. 

(3). With still denser vapour, the components 
become very broad and the magnetic change hardly 
visible. The polarisation of the edges of the broad 
line may be recognized. This phase is represented 
in Plate XI, Fig. 4. It is corresponds to the emission 
effect as it was first discovered : a slight change of 
broad lines in a weak field. 

With still greater absorption the influence of the 
field becomes imperceptible. 

All these phases appear with great regularity. 
If the intensity of the field is known, it seems pos- 
sible, the resolving power of the spectroscope being 
given, to deduce the density of the vapour from 
the nature of the observed phenomena. 

The j)heiiomeiia of magnetic division hitherto ob- 
served in sun-spots appear to fall under the second 
and third phases above mentioned. From measure- 
ments of spot lines, compared with laboratory ex- 
periments, HALE deduces a maximum intensity 
of the spot field of 4500 gauss. Hence, one would 
be inclined to think that the density in the layers, 

xv 
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which, bring about the absorption in the sun-spot 
spectrum can only be small. Moreover, the non- 
uniformity of the field of sun-spots produces by 
itself a widening of the components. Light from 
a limited portion of the spot would give perhaps 
very narrow spectral lines. In view, however, of 
the critical remarks of KAYSER 1 ) concerning our 
knowledge of the influence of pressure and of tem- 
perature 011 spectra, all such considerations must be 
put forward with great diffidence. 

11. Observations parallel to the lines of force. 
In the present experiments the absorbing vapour 
subjected to magnetic forces is placed between per- 
forated poles. 

After putting on the current, one sees in the con- 
tinuous spectrum, 2 dark bands in the case of D^ 
4 in the case of Z> 2 , according to the diagrammatical 
ITig. 1. The absorption is incomplete also now, 
because for some wave-lengths only the right- 
handed circularly polarized light is absorbed and 
the reverse. In order to observe the separation 
and the polarization a FRESNEL rhomb is placed 
with its principal plane at an azimuth of 45 with 
the horizon, a horizontal slit being placed in one 
of the perforated poles. The FRESNEL rhomb 
converts circularly polarized into plane-polarized 
light. By means of a calc-spar rhomb three strips 
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are now also obtained. The first phase (very dilute 
vapour) is represented in Plate XI, Fig. 5. 

Vapour of intermediate density (second phase) 
exhibits the superposition phenomena mentioned in 
7 and 8, and diagrammatically illustrated by 
Fig. 4. In the central strip one line, at the position 
of the unmodified one, surrounded by feebly absorb- 
ing regions, is seen. Plate I, Fig. 6 shows these 
lines for the doublet and the quartet ; especially with 
D 2 the effect is very marked. 

12. Observations in directions inclined to the 
field. According to LOEENTZ 's elementary theory of 
magnetic division one generally observes in a direc- 
tion oblique to the lines of force by an angle $ 
a triplet with elliptically polarized outer compon- 
ents x ). 

The ellipse, which characterizes the state of pola- 
rization of the components with period jT -j- v ) * s 
the projection on the wave-front of the circle per- 
pendicular to the field, in which the electron with 
period T Q -\- v is moving, v is a small quantity. 
The direction of the motion of the moving electron 
also determines the motion, in the ellipse. The ratio 
of the axes is as 1 to cos S. For the other outer 
component with period T v, the same reasoning 
holds mutatis mutandis. 

The central line with the unmodified period T 
always remains linearly polarized. The vibrations 

*) Of. RIGHT 1. c. 
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of the middle component are in the plane deter- 
mined by the ray and the line of force and the 
amplitude of the vibrations is proportional to sin 3. 

If we put 3 = 0, i. e., in the case of the longitu- 
dinal effect, only circular motions remain. 

All this applies to very narrow spectral lines in 
a strong field, the distance of the components being 
much greater than their width. 

According to VOIGT and LOEENTZ we must expect 
some interesting peculiarities if this restriction 
be discarded. We return to this point later on. 

As a general rule the deductions from the elemen- 
tary theory are verified. Also in the case of the 
quartet and the sextet the outer components become 
elliptically polarized, as has been observed already 
by RIGHI 1 ). 

In contradiction with the elementary theory, 
though not strictly applicable to the case, is the very 
slight diminution of intensity of the middle com- 
ponents of the quartet even for S = 45. 

13. Observations at 3=60. If the observa- 
tion is made with a calc-spar rhomb, the image 
remains as with the transversal effect. Yet the 
presence of elliptic polarization ought to manifest 
itself by the appearance in the lowest strip of lines, 
corresponding to the outer components. 



1 ) RIGHI 's observations 1. c. all refer to an angle of nearly 

' 



With very dilute vapour and with that of inter- 
mediate density, practically no trace of it is- seen. 

Fig. 7, Plate XII shows the first phase with dilute 
vapour, Fig. 8 the second phase with denser vapour. 
Only traces of absorption, indicative of elliptic po- 
larization can be seen near D 2 , Fig. 8. 

The ellipticity is, however, undoubtedly proved 
by means of the FRESNEL rhomb, placed with its 
principal plane at an azimuth of 45 with the 
horizon. Fig. 9 shows the appearance. 

The outer components of the quartet toward the 
red or toward the violet, dependent upon the strip 
and the direction of the field, are now considerably 
weakened; in the case of the sextet they have 
vanished altogether. All this proves the elliptical 
polarization of the outer components. For, if the 
polarization were linear, as might be inferred from 
observations with the calc-spar alone, then the ob- 
servation with calc-spar and rhomb combined, ought 
to show no difference between the highest and 
lowest strip. The light of all plane polarized com- 
ponents would issue circularly polarized from the 
rhomb, and, the calc-spar making no selection 
between right-handed and left-handed polariza- 
tions, the components toward red and toward violet 
would all be alike. Such a condition is disproved 
by photographs such as Fig. 9. 

14. One point must be considered somewhat more 
in detail. What is the reason that the ellipticity 
is not shown by the calc-spar rhomb alone, whereas 
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its existence is most clearly demonstrated by means 
of the FBESNEL rhomb I 

Let an elliptic vibration with vertical axis &, 
horizontal axis a, be incident upon the rhomb, the 
principal plane of which is at an azimuth of 45, 

It is easily proved that the elliptic vibration is- 
suing from the FKESNEL rhomb has its axes in the 
same direction as the original motion and a ratio 

of the axes = , - , the original ratio being -r. 
6 1 o -t- a b 

If a be small in relation to 1) (an elongated ellipse), 
then the light issues from the FEESNEL as a more 
circular vibration, which is more easily analysed. 

It depends upon the magnitude of a, whether y 

is greater or less than -. --- 
* b -h a 

We distinguish the following cases: 

(1) a very small, then -r^r~ > -r- 

(2) = 0,414 6, then =~--- . 






(3) a > 0,414 6, then <. 

"We shall apply these results to the interpretation 
of our observations. 

Two cases dependent upon the magnitude of a 
are of principal importance. 

In the first case we can observe the effect of both 
the axes of the ellipse by means of the combination 
of the FRESNEL rhomb and the calcspar (this is the 



case of the quartet) (P 1? Fig. 9), whereas without 
FRESNEL rhomb no effect of the small axis is visible. 
In the second case the effect of the small axis 
becomes apparent by the use of the calc-spar, where- 
as its existence cannot be demonstrated with the 

FRESNEL, the value of y~^ being too small. This 

case is represented by the sextet (J> 2 Fig. 9). 

If the observation is made by means of the 
calc-spar rhomb, we indeed see with dense vapour 
new components in the lowest strip (see Fig. 8, Z> 2 )- 
The theoretical import of this result will be discus- 
sed on another occasion. 

After introduction of the FRESNEL rhomb the 
component to the left of the central line (small axis 
of the ellipse) remains invisible. (Fig. 9, D^ lower 
strip). 

Hence 'we may conclude that at the angle now 
investigated, the ellipticity of the outer components 

of the sextet (the ratio y) exceeds that of the quartet 

(and is also larger than 0,414). 

15. Observations at 3 = 45. The photographs 
taken with the calc-spar alone show very clearly 
the elliptieity of the outer components. 

"With vapour of intermediate density the phenom- 
enon is already very marked, especially in the 
case of D 2 (Plate XII, Fig. 10). Very remarkable 
is the slight diminution of intensity of the inner 
components of the quartet. According to the ele- 
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mentary theory the intensity of the central com- 
ponent of a triplet ought to have diminished already 
to less than half the original value. 

16. If a FRESNEL rhomb combined with a calc-spar 
rhomb is introduced in the beam, one of the com- 
ponents of the quartet also entirely disappears. At 
an angle of 60 this was only the case with the sextet. 
(Plate II, Fig. 11). 

17. Observations a 3 = 39. The elliptic polar- 
isation tested by means of the calc-spar rhomb is 
very marked, even with dilute vapour . (Plate XII, 
Fig. 12, Plate XIII, Fig. 13). 

The inner components of the quartet are now 
decidedly less intense than the outer ones. 

Plate XIII, Fig. 13 especially shows the smaller 
intensity of the components of D in the lower 
strip. Indeed, they are unmistakably thinner than 
those in the upper strip. 

18. According as the angle between the ray and 
the lines of force is diminished, the intensity of the 
field must diminish at the same time. In order to 
make it possible for the rays to traverse the field 
under smaller angles the vertex semi-angle of the 
cones must deviate more and more from the theore- 
tical optimum of nearly 55. 

The decrease of the magnetic separation is clearly 
shown in our photographs. 

"We intend to communicate on another occasion ex- 
periments under smaller angles 3- and to enter upon 
some details concerning the case in which the com- 
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pouents of the triplet are not neatly separated. 
Some measurements of the ellipticity of the com- 
ponents will also be given. On the present occasion 
we intended to give only a general survey of the 
inverse effect, illustrating it by some particular 
cases. 

, 19. Types of separation in spot and laboratory. 
In one direction we shall now enter upon some 
more details. The magnetic separation of lines in 
a non-uniform field has been treated on a former 
occasion 1 ). The results then obtained and our 
present observations may be of some interest in con- 
nexion, with certain phenomena observed by HALE. 
"We intend to return to this subject. It seems of 
interest to allude presently to MITCHELL'S descrip- 
tions of the various types of spot lines as indicated 
in the diagram, published in. the Transactions of the 
International Solar Union 2 ). 

Our Fig. 14, Plate XIII has been copied from 
MITCHELL'S paper. The types 5, 6, 7 and 10 of the 
figure are very characteristic. Type 9 perhaps falls 
under the type of lines invisible without nicol men- 
tioned in 7 above. In Fig. 15 are represented some 
separations observed in the laboratory without nicol 
or other analyzer, 5', 6' ? 7' have been taken in non- 
uniform fields. 5' is the quartet of D observed 



a ) ZEEMAN. Amsterdam Proceedings, April 1906, November 
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across the field; 6' the sextet of D 2 observed axially 
in a non-uniform field, very strong in the central 
part; 1' also refers to D 2 in a weaker field, the ob- 
servation being made across the lines of force. The 
type 10' refers to the D 2 line, when observed in a 
direction parallel to the field. The field is uniform. 
The separation gives an example of the superposi- 
tion phenomenon mentioned in 7. 

The analogy of the type 10', Fig. 15 and the type 
of the " winged line" seems very remarkable. Of 
course observation of the state of polarization would 
be necessary in order to prove the analogy. 



20. EXPLANATION OP P L A T E S XI XIII. 

The figures 1 13 are about thirteenfold enlargements of 
the images given by the grating of the absorption lines Z>, and 
D., in a magnetic field. 

"The upper and lower of the three strips of these figures 
relate to (oppositely) polarized light; in the central strip the 
phenomenon is represented as it is seen in natural light. 
PLATE XI. Figs. 1, 2, 3, 4, observations perpendicular to lines 

of force with different vapour-density. 

Figs. 5, 6, observations parallel to lines of force 

with different vapour-density. 
PLATE XII. Figs. 7, 8, observation at 3- = 60 calc-spar rhomb 

alone. 

Fig. 9, 3- = 60, calc-spar combined with FRES- 
HET j rhomb. 

Figs. 10, 11, 3- = 45. 

Fig. 12, 3- = 39. 
PLATE XIII. Fig. .13, 9- = 39. 

Fig. 14, types of sun-spot lines (adopted from 

MITCHELL). 

Figs. 15, 5', 6', 7', separations in non-uniform 

laboratory fields. 10' superposition phenomenon 




Types of sun-spot lines (MITCHELL). 
5, 6. Widened lines with c.entres reversed bright. 
7. Widened and weakened line. 10. Winged line. 



Fig. 15. 
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THE outer components of a magnetically divided 
line, if observed in a direction inclined to 
the lines of force under an angle S, are elliptically 
polarized. 

In our experiments of 12 1.7 we frequently 
referred to this elliptical polarization. In 12 the 
simple rules were resumed, which relate to the el- 
lipses characterizing the state of polarization of the 
outer components, if very narrow spectral lines are 
observed in a strong field. 

The linear vibrations of the central component 
ot! a triplet lie, according to the elementary theory, 
in the plane passing through the ray and a line of 
force, and the amplitude is proportional to sin 3. 

BIGHT'S th.eoreti.cal considerations in his paper 
cited in 1. also agree with this conclusion. 

22. In VOTGT'S 3 ) theoretical investigation of the 
magnetic, effect in a direction, inclined to the lines 
of force, the remarkable conclusion, is drawn that 
the central component also of a triplet may execute 
an elliptical vibration. This result is most closely 
connected with the consideration of the mutual 
action between neighbouring molecules. 



') "W. Vou'jT, Weilet'cs KUT Thcorie dc.r magncto-optisclieii 



LORENTZ'S considerations concerning our present 
subject (cf. 1 above) give results which, we may 
be permitted to summarize here briefly. 

For arbitrarily chosen values of the angle 3 
between the ray and the magnetic force for every 
frequency two elliptical vibrations of opposite 
directions can be transmitted. 

In the case of the outer components of a sharp 
triplet one of the two elliptic vibrations is absorbed. 
If we are not dealing with a sharp triplet, i. e. ? 
three absorption bands that are completely separa- 
ted, we can still say something about the vibration 
ellipses of the outer components. 
Let axes OY and OX' be chosen, the one normal 

to the plane passing 
through the ray and the 
magnetic force, the other 
perpendicular to the ray 
and lying in the plane 
just mentioned. Then one 
v "\ of the characteristic vi- 
"' bration ellipses can be 
considered as the reflect- 
ed image of the other 
with respect to a line 
bisecting the angle X'OY. This rule also applies 
to the direction of motion in the two ellipses. 

The nature of the phenomena that will be observ- 
ed for rays of a frequency corresponding to the 
central line of the triplet depends upon the value 
xv 
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jg greater or smaller than a certain angle 
5 latter is determined by the equation 



tang 3^ sin 



aantity g may be regarded as a measure 
.dth of an absolution line and depends upon 
:a'nts of the vapour ; v is determined by the 
>f the frequency of the free vibrations of 
irons and has a value proportional to the 
of the field. 

5i, then two linearly polarized beams with 
j, equal indices of refraction and 
different absorptive indices can. 
be propagated. The rectilinear 
vibrations make equal angles 
with the line OL, bisecting the 

angle X'OY. The absorption 

is stronger for the beam whose 
lg- b- vibrations make the smaller 

.tli the direction of the. field. In the figure 
e strongly absorbed vibration is indicated 
cker arrow. 

Increases the vibrations of the two principal 
pproach more and more to OL, so that for 
wtli directions coincide with, the bisectrix, 
i principal, beams are now equally absorb- 
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of 3 being greater or smaller than a certain angle 
3i. This latter is determined by the equation 

q 

tanci A sin 3\, = 
j \ i v 

The quantity g may be regarded as a measure 
of the width of an absorption line and depends upon 
the constants of the vapour ; v is determined by the 
change of the frequency of the free vibrations of 
the electrons and has a value proportional to the 
strength of the field. 

If 3 > 3 1? then two linearly polarized beams with 
,, equal indices of refraction and 
different absorptive indices can 
be propagated. The rectilinear 
vibrations make equal angles 
with the line OL, bisecting the 
angle X'OY. The absorption 
is stronger for the beam whose 
Fig. e. vibrations make the smaller 

angle with, the direction of the field. In the figure 
the more strongly absorbed vibration is indicated 
by a thicker arrow. 

As 3 decreases the vibrations of the two principal 
beams approach more and more to OL, so that for 
3=5! both directions coincide with the bisectrix. 
The two principal beams are now equally absorb- 
ed also. 

When. 3 < 3 1? the state of things is wholly dif- 




In this case two elliptically polarized beams can 
be propagated ; they are equally absorbed, but have 
different velocities of propagation. For both beams 
the characteristic ellipses are the same, but de- 
scribed in opposite directions. One of the axes of 
the ellipses coincides with the line OL in Fig. 6. 

The ellipses become less and less eccentric as the 
wave becomes less inclined to the direction of the 
field. For 3=0 the ellipses become circles de- 
scribed in opposite directions. 

A further approximation for 3 = 3j. shows that 
in this case the two vibrations do not coincide 
exactly. As in the general case, there arc two 
distinct beams with different characteristic ellipses, 
both deviating somewhat from the line OL of Fig. 6. 

The regions of the longitudinal and the transverse 
magnetic effect overlap to a certain extent and are 
not sharply separated from each other at the 
angle %. ! 

23. There are three results of LORENTZ'H theory 
that probably admit of experimental verification. 

Let us imagine the absorbing vapour placed in 
such circumstances that the elementary theory can- 
not be applied. The components of a divided line 
arc now not neatly separated by practically trans- 
parent regions. The vapour density must be chosen 
relatively great and the magnetic intensity rather 
small. As always in the present paper, we suppose 
the lines of force to be horizontal ; we examine the 
propagation of the light also in a horizontal plane, 
xv 



The three predictions referred to, which apply, 
if we exclude the cases of the true longitudinal and 
transverse effects, are: 

(1) the major axes of the vibration ellipses of 
the outer components deviate from the vertical line ; 

(2) the vibrations of the middle component (c.q. 
components) are, depending on circumstances, either 
linear and not horizontal, or elliptic, the axes of the 
ellipse being inclined to the horizon; 

(3) there exists an angle ^ separating the 
regions of the longitudinal and the transverse mag- 
netic effect. 

OBLIQUE POSITION OF THE VIBRATION-ELLIPSES OF 
THE OUTER COMPONENTS 

24. "We succeeded in establishing experimentally 
the oblique position of the vibration-ellipses in the 
inverse magnetic effect of the jO-lines; the amount 
of the slope of the axes we could measure. 

The obliquity is far from striking. 

When. 3 was already such that the ollipticity was 
very marked, it was only after some difficulty that 
we could make sure of the obliquity. 

Sumo details of a definite case may be given. 
With 3=69 and a field of about 18000 gausses 
the first observations were made. 

Attention was given to J> a , the. vapour density 
being regulated so that the outer components of the 
sextet could not be seen separately. Before the slit 
of the spectroscope n, nieol was placed with its plane 
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of vibration at an u/imuth of say 35 with the 
horizon. Tlit* central part of tluj resolution figure 
is now very dark; the outer components uf the 
pseudu triplet, however, are only faintly visible. 
This has the advantage of increasing tin. 1 visibility 
of small changes of the intensity of the, outer com- 
ponents. 

The direction of tlse field we denote as field- 
el iredion 1, 

With tin n vt rued fit Id -direct ion 2, the outer 
ftunntitn ntx ht catnc tlarkt'r. 

f Fhi,s I'Xperinti'nt was repeated .several times with 
the same result. 

The iiirul then was placed in a position symiw- 
Iriral t the one just mentioned. Now witlt Held 
direction 1, the outer components \.ere darker. 
From these experiments \\v must conclude that a 
vertical line is not an axis of symmetry of the vibra 

tionellip.se> of the outer components, hence that 
the position of thrse ellipses is oblique. 

Uf>. The ilii'ect inn tf the- .smaller axis of the vibra 
tion ellipse we mca.sured for Js (ii) , the vapour 
den>ity beinjj; betwren the first and secoiul phase 
U' i:i). In front of the slit of the spectroscope was 
introduced a nicol, mointted upon a divided circle 
which nivo the rotation of the nicol in thrives. 
The vaui>hinu' or reappi-ariim 1 of the- outer eoiupn 
in-lit > ii'a\e a u'noil criterion for the determination 
of the smaller axis and therefore of the major axis 
of the vibration ellipse. 



The measurements gave the result that under the 
circumstances of the experiment the major axis 
made an angle of 5 degrees with the vertical. The 
obliquity was the same in amount and direction for 
the components toward the red and toward the 
violet. The diagram, Fig. 7, illustrates the relation 
between the slope of the ellipses and the direction 
of the field. 

Let OS be the beam, which traverses the source 




Fig. 7. 

of light placed in and OF the direction of the 
magnetic force. For an observer looking in the 
direction SO, the upper part of the vibration el- 
lipse is inclined toward the right. The plane YX', 
containing the ellipse, is normal to the ray and in 
the figure has been rotated round the dotted line 
until brought into coincidence with the plane SOM. 
That side of the plane which was visible from S 
can now be seen. Both the ellipse toward the red, 
and the ellipse described in the opposite direction 
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26. The same sodium flame, investigated as to 
the inverse effect in the direction OS, we studied 
in the direction OP (i. e. for an angle FOP = 
MOti 18Q ~$) for the phenomenon of partial 
polarization, discovered by EGOROFF and GTEORGIEW- 
SKY. A small telescope f ocussed upon the flame was 
used and provided with a SAVART plate and a nicol. 
This polariscope is mounted upon a divided circle 
graduated in degrees. The direction in which the 
fringes were most brilliant was determined in order 
to detect a possible deviation of the plane of maxi- 
mum polarization from the vertical. It was easily 
seen that there was such a deviation. The fringes 
were most clear if for the observer in P their direc- 
tion was from the upper left to the lower right 
quadrant, the direction of the field being always 
as indicated in the figure. After reversal of the 
magnetic field the fringes became indistinct. They 
became distinct again if the principal direction of 
the polariscope was from the upper right to the 
lower left quadrant. The result of these observa- 
tions at least proves that the whole phenomenon 
is asymmetrical with respect to the vertical and 
hence proves the presence of oblique vibrations. In 
a conversation with one of the authors Prof. 
LORENTZ had kindly communicated that he observed 
phenomena of the kind described in this paragraph, 
xv 



27. In the experiment of the last paragraph the 
axis of the telescojje must be placed carefully in a 
horizontal plane passing through the poles of the 
electromagnet. If the observation is made in a plane 
which is not horizontal, an apparent slope of the 
axes of the vibration-ellipses becomes manifest, as 
is easily seen from a geometrical consideration. 

28. The position of the plane of maximum polar- 
ization can be determined rather accurately. The 
obliquity of the major axis of the outer ellipses of 
sextet and quartet in one experiment was 5; with 
the very same vapour density and the same strength 
of field, the plane of partial polarization made an 
angle of 21 with the vertical. 

At first sight it seems rather startling that the 
polariscope of SAVAUT is so sensitive to the obliquity 
of the ellipses. 

The phenomenon of the partial, polarization of 

the emitted light is very 
complicated and the, com- 
plete theory still outstand- 
ing. 

It does not seem doubtful, 
however, in what direction 
we have to look for the, ex- 
planation, of the remarkable 
dif f erence between the indic- 
ations of the two instru- 
ments. They measure different quantities. 

As long as the inclination of the vibration-ellipses 
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Fig. 8. 
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of the emitted light is zero, the total light also 
vibrates symmetrically relatively to the vertical. 

If the inclination is not zero, however, but has 
the value a, the plane of maximum resultant lumi- 
nous motion is inclined at an angle a + (3 , which 
may be occasionally much greater. 

The light emitted by the sodium flame contains : 

(1) horizontal vibrations of intensity c 2 . (We 
neglect here a change mentioned in 30 below). 

(2) elliptic vibrations, the major axes of which 
form an angle a with the vertical. Let the principal 
axes of these ellipses be a and ~b. 

The intensity l x in a direction X becomes 

l x = C 2 gin* (et + ) 4- a 2 cos 2 /3 + b* sin* /3 ...... (1) 

This expression becomes a maximum for a value 
of |3 satisfying 

' c 2 sin 2 (at + |3) + (6 2 a 2 ) sin 2/3 = ........ (2) 

Hence it follows at once that p cannot be zero, 
for otherwise a ought to be zero also. 
From (2) we obtain 



sin 2 (a 4- 13) _ a 



2 



sin 2/3 ~~ tf ............ 

Hence the value of ft depends upon the intensities 
of the horizontal and vertical vibrations. Always 
a > I ; in the emitted light the vertical vibrations 
generally preponderate, hence also a > c. We con- 
clude that p can be positive only. 
xv 
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If we make a = 5, + |3 <= 21, fe = 0,3 a (cf. 
29) equation (3) gives 

tf2 

-1,4. 

This is a plausible value. Hence there is no con- 
tradiction between the observations made with the 
polariscope and the results obtained with the nicol 
alone. 

29. We made, with t the inverse effect, some meas- 
urements of the ellipticity of the outer components 
at different angles of incidence. We used for this 
investigation the well-known method of the quarter- 
wave plate and nicol. The axes of the quarter- wave 
plate being placed parallel to the axes of the original 
ellipse, the resulting light is plane polarized. Let 1} 
and a be the horizontal and vertical or the nearly 
horizontal and the nearly vertical axes, then 

= tana . 
a y 

The mica quarter plate used proved to be very 
accurate for light of the ref raiigibility of the sodium 
lines, when tried by the method described on a for- 
mer occasion 1 ). Three determinations gave for 
the deviation from an exact quarter wave plate the 
values 1.8, 0.1, 1.0 %. 

For our present determinations this accuracy of 
the plate is quite superfluous. The measurements 
are very difficult, relating as they do to the mean 

a ) ZTCKMAN. Amsterdam Proceedings October 30. 1909; c.f. 
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of the outer components of the sextet, hence to an 
extremely narrow part of the spectrum. Moreover 
the density of the vapour can be defined only ap- 
proximately (10). 

The following table embodies the results concern- 
ing the ellipticity of the outer components of the 
sextet obtained in a somewhat extended series of 
measurements. 



47 



Remarks 



0.30 Vapour of intermediate density ( 10). 



0.45 



0.47 Vapour somewhat denser 



& b/a 

0.31 

69.5 0.31 
0.28 

0.45 
0.45 

0.47 
0.50 

0.67 
0.70 
0.70 
0.60 
0.64 
0.67 
0.63 
0.65 
0.65 



The ratio of the axes at a certain angle undoubt- 
edly somewhat depends upon the vapour density. 
Part of the oscillations of the results obtained at 
the same angle must be ascribed to this cause, 
xv 
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0.66 Very dilute vapour ( 10) 
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At 3 = 69. 5 and with dense vapour the inclina- 
tion of the major axis of the ellipse was 6; with 
very dilute vapour the value zero was obtained. 

At 5=47 and with vapour of intermediate 
density the inclination was 4. 5. The SAVART fringes 
then made an angle of 28 with the vertical. 

OBLIQUE POSITION OF THE VIBRATIONS OF THE 
MIDDLE COMPONENTS 

30. Whereas the inclination of the vibration el- 
lipses of the outer components could be demonstrat- 
ed first for the sextet, it was for the quartet, on 
the contrary, that we first succeeded in verifying the 
second of LOKENTZ'S above mentioned conclu- 
sions (23). 

The deviation of the vibrations of the middle 
components of the quartet from the horizontal line 
can be shown in the same manner as the inclination 
of the ellipses (24). 

The principal section of the nicol before the slit 
was placed at an angle of about 30 with the horizon. 
The outer components of the quartet of D are then 
hardly visible. The inner components are rather 
dark. The direction of the field is indicated as 
direction 1. Under the influence of the reverse 
field 2, the middle components become more black. 
If the nicol be placed in the symmetrical position, 
then it is with the field direction 1 that the middle 



The angle 5 in this experiment "was 47. 
Two different attempts to measure the angle 
between the vibration and the horizon, gave the 
results 4. 5, resp. 5. 5. These measurements are 
very difficult, however, and perhaps indicate only 
the order of magnitude of the inclination. The 
vicinity of the outer components largely interferes 
with the accuracy of the adjustment of the nicol, 
for while it is moved about near the position of 
extinction and approaches to a vertical direction 
the greater intensity of the outer components dis- 
tracts the eye. 

31. We have made yet another experiment which 
confirms the result of 30 for both 
the sodium lines and also exhibits 
the relation between "the inclina- 
** tions of the different components. 
This connexion is shown diagram- 
matically for a triplet in Fig. 9; 
for the result obtained with the 
middle components of the quartet 
and the sextet certainly can be applied qualitati- 
vely to the triplet. 

The experiment was the f ollowing : the principal 
section of the nicol made an angle of +40 with 
the vertical; the positive direction in. Fig. 9 was 
counter-clockwise. Then the nicol was placed at 
320 (i. e. in the symmetrical position). The last 
position may be indicated as position J5, the first 
mentioned as position A, 
xv 



The direction of the field remains unchanged. 

In position A all lines were weaker than in 
position B. 

Hence we conclude that the ellipses as well as the 
vibrations of the middle components are inclined; 
moreover that the relative position of the vibrations 
must be that shown in Fig. 9. 

32. In the important paper already frequently 
nien.ti.oned RIGHT (note p. 291 of the paper cited 
1 above) says that VOIGT'S theoretical investiga- 
tion of the general case of propagation of light in 
a direction inclined to the lines of force was publish- 
ed too late to guide him in his investigation. BIGHT 
expresses the opinion that it is rather improbable 
that in the course of his numerous observations 
peculiarities in the behaviour of the middle compo- 
nents as indicated by VOTGT could have escaped 
him, and that LOKENTZ'S elementary theory is in 
accordance with all the observed phenomena. 

This seems in contradiction with our experiments. 
This contradiction vanishes, however, if we assume 
that the vapour in EIGKE'S experiments was very 
dilute, or the field so intense that the components 
were neatly separated. Under such circumstances 
our observations are also in complete occordaiice 
with the elementary theory, at least as to the pola- 
rization of the components and the direction of the 
vibrations. 

Neither was it in RIGHT'S experiments a matter 
of course to reverse the direction of the magnetic 

xv 
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field, the procedure which most easily exhibits any 
obliquity of the vibrations. 

APPLICATION OF THE RESULTS OF 24-31 TO THK 
INTERPRETATION OF SUN-SPOT SPECTRA 

33. The vibrations of the middle component of 
a triplet are parallel to the lines of force. The outer 
components vibrate linearly at right angles to the 
field. These rules also apply to dense vapours, if 
only the pure transverse magnetic effect be under 
consideration. If we assume that the direction of 
observation is oblique to the lines of force, then, only 
in the case of very dilute vapours can the projec- 
tion of the magnetic force on a plane normal to 
the line of vision be found according to the rules of 
the elementary theory from the direction of the 
vibrations. If, however, the components of an in- 
verse triplet are not neatly separated by practically 
transparent parts and the sun-spot lines seem 
to belong to this class of lines the particulars 
diagrammatically illustrated by Fig. 9 are to be 
taken into consideration. 

In drawing charts of the magnetic fields in sun- 
spots, showing the intensity, the direction, and the 
polarity of the magnetic force, the determination 
of the direction of the force will give some dif- 
ficulties. 

The value of the correction to the indications of 
the elementary theory necessary in some cases will 
be given on another occasion. 



The rule which determines the direction of the 
deviation may be indicated here. 

The direction of rotation in the vibration-ellipses 
of the outer components toward the red and 
toward the violet shows whethei 5 is acute or 
obtuse. If 3 is obtuse (Fig. 7) , then the relative 
position of the directions of the magnetic force, of 
the major axis of the vibration-ellipses, and of 
the vibration of the middle component is shown 
in Fig. 9. 

From any point draw a line OB parallel to the 
major axis of the vibration-ellipses of the outer 
components and a line OM parallel to the vibration 
of the middle component, the angle BOM being 
always chosen acute. The projection OJJ 1 of the 
magnetic force on a plane normal to the line of sight 
then makes a positive acute angle with OB, the 
angle BOW being greater than BOM, the positive 
direction being reckoned from OB to OM. 

By ascertaining whether or not the major axes 
of the ellipses and the vibrations of the middle 
component are perpendicular to each other we can 
make sure whether 'the elementary theory may be 
applied or not. 

DEMONSTRATION OF OBLIQUE POSITION OF VIBRATIONS 
BY MEANS OF HALF- WAVE-LENGTH PLATE 

THE observations published in our two pre- 
ceding communications relate to the region 
between 5 =90 and 3 =39, including the two 

xv 
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principal directions. We now intend to describe 
in this third, conclusive, part of our paper experi- 
ments relative to the remaining region between 
5 = 39 andO. 

This region seemed very interesting because under 
suitably chosen circumstances it probably would 
contain the angle ^ of LORENTZ, separating the 
regions of the longitudinal and the transverse mag- 
netic effect. The principal object we had in view 
in undertaking this third part of our investigation 
was to prove experimentally the existence of an 
angle of the kind mentioned. We think that we 
attained our purpose. 

Before proceeding to describe these experiments, 
we shall mention a method for verifying the results 
( 24 32) relating to the oblique position of the 
vibration-ellipses of the outer components and that 
of the vibrations of the inner components, but 
without commutation of the current in the electro- 
magnet. 

Whereas in our former experiments the difference 
of the intensity of the components by commiitation 
of the current gives the proof for the obliquity of 
the components, the half -wave-length plate demon- 
strates it at once. 

A half -wave-length plate, with one of its principal 
directions situated horizontally and limited by a 
horizontal line, is placed near the source of light. 
Vibrations from the source, making a definite angle 
with the edge of the plate, after traversing it are 
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rotated through twice that angle. The plate covers 
only half of the field of view. The directions of 
the emergent vibrations make the same angles with 
the horizontal edge as at first, but upon the 
farther side. 

An image of the edge is f oeussed upon the slit 
of the spectroscope ; before the slit a nicol is placed. 

In one of our experiments, 3 being 39, the plane 
of vibration of the nicol was at an angle of 35 
with the horizon. The magnetic components are 
now seen unequally dark in the two halves of the 
field of view. It appeared possible to photograph 
the phenomenon ; small variations of vapour density, 
which may possibly introduce errors with other 
methods of observation, are now without influence. 

Reversal of the direction of the current changes 
the sign of the difference of intensity of the two 
halves of the field of view. 

CONNEXION BETWEEN THE INCLINATION OF THE 
ELLIPSES IN PARTICULAR CASES 

35. The direction of the magnetic field,. and that 
of propagation of the beam traversing the mag- 
netized source of light determine the sense of the 
inclination of the vibration-ellipses ( 25). If the 
direction, of the field be reversed, the sign of the 
inclination of the vibration-ellipses also changes. 
In fig. 7 ($ 25) the connexion established by our 
experiments between the three mentioned directions 
is given. 
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Fig. 10. 



in the direction from to S. 
The inclination of the ellipses 
in this case is indicated in 
Eig. 10. The plane normal to 
the ray and containing the el- 
lipse has been rotated round 
the dotted line until brought 
into coincidence with the plane 
of the paper. 

What is the inclination, if 
the source of light be traversed 



by the beam in the direction OS"! 




Y 

i 




Fig. 12. 



V 

Fig. 11. 
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This question is easily answered by applying the 
well-known method of reflected images. 

The geometrical .outlines of all things composing 
a given system, together with the physical proces- 
ses in the system, which we suppose may be all 
represented by geometrical figures, we imagine 
reflected at every instant in a plane V. The new 
system obtained by reflection, which we call the 
image of the original system, is a possible one, as 
soon as the last-mentioned one has an objective 
existence. 

Applying this to our experiment (Fig. 11) and 
placing the plane V parallel to OF and perpendi- 
cular to the plane of the paper, we obtain from 
system I, the system II. 

The magnetic field in the second system is the 
inverted image of the field in the first one ; indeed, 
before taking the image of the field we have to 
substitute it by the equivalent AMPERE currents. 

Hence in II the arrow F' 0' is drawn from F' 
to 0'. 

The field in system II being afterward reversed, 
the inclination of the ellipse changes its sign. 

Hence wo conclude that (Fig. 12), if OF be the 
direction of the magnetic field, the inclination of 
the major axes of the ellipses, as observed from 8 
as well as from /S", is always from the lower left 
to the upper light quadrant. 



We come to the same conclusion by using the 
experimental result of 26, concerning the inclina- 
tion of the ellipses in the beam emitted in the 
direction OP (see Fig. 10). 

The close connexion existing between emission 
and absorption enables us to predict the phenomena 
to be seen if light traverses the source in the direc- 
tion OS' (cf. 44). 

INVESTIGATION CONCERNING THE EXISTENCE OF AN 
ANGLE S ( 36 - 46) 

36. It seems possible to give by different ways 
experimental proof of the existence of an angle 3 1? 
separating the regions of the longitudinal arid of 
the transverse effect. 

The most direct proof would be given, if, with 
a chosen magnetic force, the vapour density could 
be changed in such a degree, that at last the direc- 
tion of the vibrations in the issuing beam were in- 
clined at an angle of 45 with the vertical. Then 
one would observe at the angle 5 X itself, the values 
of density (width) and magnetic intensity corre- 
sponding. The execution of this plan gives rise, 
however, to serious difficulties. 

The significance and the distinctness of the angle 
^! become manifest also, however, if it be possible 
to establish the existence of the characteristic phen- 
omena only observable for a direction of observa- 
tion which forms an angle with the lines of force 
xv 



lying between and 3^ "We have experimentally 
verified the theoretical inference. 

We made many experiments belonging to each 
of the two classes of experiments mentioned and 
intend to give a few examples of each. 

37. Observations at 3- =32. Soft iron cones 
with a vertex semi-angle of 32 were made and 
adapted to a DU Bois-eleetromagnet. The intensity 
of the magnetic field proved sufficient to establish 
the character of the resolution in the first-order 
spectrum of the large ROWLAND grating. 

The middle components were especially watched. 
It is easily established that the vibrations of these 
components deviate from the horizontal. In order to 
.demonstrate an inclination of 45, a quartz plate, 
cut perpendicularly to the axis, and exactly 2 mm. 
thick, was introduced in the beam. This plate rota- 
tes the plane of polarization for sodium light 
2 X 21.7 = 43. 4. Vibrations at azimuth 45, after 
traversing the plate, become either horizontal or 
vertical. 

Between the plate and the spectroscope slit a 
calc-spar rhomb was inserted and a horizontal slit 
placed near the source; two contiguous horizontal 
images of this slit are. now formed on the slit. The 
one contains the vortical, the other the horizontal 
constituents of the beam.. 

The middle components, which at the angle 3 
under consideration are rather weak, are dependent 
upon the direction of the current and are visible 
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either only in the upper or only in tlie lower of the 
two strips, if the vapour density be properly chosen. 

This experiment does not prove definitely, 
however, that the middle components may vibrate 
under an angle of 45 with the vertical. The rather 
limited sensitiveness of the method must be taken 
into account. 

The experiment certainly proves that the vibra- 
tions are inclined relatively to the horizon, at an 
angle of perhaps 20 or 30. 

It is shown by an observation with, the calc-spar 
rhomb alone, after removal of the quartz plate, that 
the vibrations are not performed under 45. A dif- 
ference between the upper and the lower image is 
now manifest. This would be impossible, if the 
inclination of the vibrations were 45. The dif- 
ference of intensity in the two strips decreases with 
increased density of the vapour. 

All experiments undertaken in order to measure 
more accurately the inclination gave no decisive 
results. The weak intensity of the middle compon- 
ents, the feeble separation (to be expected for the 
observations in view, according to theory), the per- 
turbation by the vicinity of the outer components, 
and also the fact that the vibrations become pro- 
bably slightly elliptic, account for the difficulty of 
the measurements. 

"We also investigated the emitted light without 
the aid of the spectroscope, with a SAVART polari- 
scope alone ; the emitted light appeared to be nearly 
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unpolarized. Tne iringes in the polariscope were 
very weak. This is clearly due to the light contain- 
ing equal portions of right-handed and left-handed 
nearly circularly polarized light; the intensity of 
the light of the middle components is relatively 
very small and therefore scarcely perceptible in the 
resulting total intensity. 

The indistinctness of the fringes made only in- 
accurate determinations of the position of the plane 
of polarization possible. An inclination of 42 rela- 
tively to the vertical was found. 

38. The method of the non-uniform field 1 ) 
seemed to ox)eii the possibility of a direct reading of 
the field-intensity corresponding to 3 l5 the vapour- 
density (i.e., the width of the spectral line) being 
given. At 3 = 39, a diminished image of the cones 
of the electromagnet was focussed upon the slit- 
plate of the spectroscope. The magnetic separation 
is different at different heights, and in the 
spectroscope the spindle-shaped resolution figure, a 
photograph of which was given on a former occa- 
sion, is seen ; but now, as the inverse effect is under 
consideration, rather dark lines on a luminous back- 
ground are seen. A nicol with its plane of vibration 
at' 45 with the horizontal is placed before the slit. 
If the vibrations occur at 45 somewhere in the 
divided lines, the components must become black at 
such a place. Width and field-intensity, belonging 

*) ZEEMAN, Amsterdam Proceedings April 1906, November 
1907 ; c.l this collection paper XII chapters I and III. 
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spend to a value of S^ equal to 39. 

No clear result was obtained by means of this 
method, however, which was tried with several 
vapour-densities. 

The change of the state of polarization in the 
resolution figure apparently is too gradual to prove 
the existence of S 1 by direct observation. 

Our following experiments ( 39 46), seem 
indeed, to leave no doubt as to the real existence of 
such an angle. 

39. In order to extend observations to still small- 
er angles 3, the second-order spectrum of the great 
ROWLA:ND grating was employed for all following 
observations. The brightness is still amply suffi- 
cient and more details are seen. Even with cones 
with a vertex semi-angle of 26 the characteristic 
phenomena may now be advantageously observed. 
With vapour of intermediate density ( 10) only 
the outer components of the quartet and sextet are 
now visible, the phenomenon closely resembling the 
purely longitudinal one. Middle components make 
their appearance only after the density is largely 
increased. The nature of these components appears 
( 40), however, to have changed, as is proved by 
an examination of their state of polarization, 

The latter is more easily ascertained, if the com- 
ponents are more widely separated. This is the case 
in the experiments described in the next paragraphs 
and therefore we prefer to give some details of 
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arrangement. 

40. A still smaller angle between the directions 
of the beam and of the field may be employed and 
moreover wider separation obtained than in 39, 
by looking through axial holes and deviating the 
beam in the field by means of two small prisms. 
A remark of Prof. WERTHEIM SALOMONSON induced 
us to give prisms a trial. 

The arrangement for 3 = 16 is shown in Fig. 13. 

The prisms are fixed to copper tubes, which are 
put into the bored cones of a DU Bois electromagnet 
and may be turned about their axes. It is therefore 
possible to adjust the parallelism of the planes of 
the prisms and to arrange the edges vertically. 

A drawback inherent to this method is that after 
some time the interior surfaces of the prisms become 
covered with some white precipitate. With very 
dense vapours this inconvenience is rather trou- 
blesome. 

Immediately after introduction of the flame into 
the iiiterf errum aqueous vapour condenses upon the 
prism faces, soon disappearing, however, when the 
temperature of the prisms has increased. In order 
to avoid the danger of cracking, the prisms have 
been placed at some distance from the terminal 
planes of the cones. 

Even with very dense vapour (third phase of 
10), the field being of the order of 20.000 gauss, 
the phenomenon closely resembles the pure longitu- 
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dinal one. No trace of middle components is visible. 

After an increase, however, of the vapour-density 

to the limit obtainable by the introduction of a glass 

rod, charged with melted salt, into the gas-oxygen 




Fig. 13. 

flame, two new black lines appeared in the vicinity 
of D! ; they were clearly visible against the rather 
dark background formed by the broadened outer 
components. 

These new lines, which have the same period 
as the middle components, are unpolarized (see 
4144). 

41. We have come to this conclusion after trying 
in vain to detect any trace of polarization phenom- 
ena of the new components. 

In the first place rotation of a nicol, placed 
before the slit of the spectroscope gave 110 change 
xv 
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of intensity of the lines ; only the background for- 
med by the nearly, but not accurately, circularly 
polarized outer components was slightly changed. 

42. After removal of the nicol a quarter-wave 
plate with its principal direction at 45 was inserted 
in the beam and a broad horizontal slit placed 
near the field. By means of a calc-spar rhomb 
two strips are obtained, separating the oppositely 
polarized circular vibrations. 

With vapour of intermediate density fig. 
gives the appearance for 
D l . The vertical line 
represents the reversed 
line due to the arc light. 

With very dense vapour, 
we get the phenomenon 
represented in fig. 14 B . 
New components appear 
in the initially bright 
parts of the field of view. 

The positions of the new 
components correspond to 
those of the inner com- 
ponents of the quartet, at least as far as can 
be judged by eye observation. This observation is 
confirmed by measurements made on a photograph, 
it must be said of only moderate quality. 

As to the polarization of the new lines a few 
remarks may be made. From an inspection of 
fig. 14 L> alone, one might infer a circular polariza- 
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Fig. 14. 



tion of the inner components, of a sign opposite to 
that of the outer ones. 

One might be tempted to infer that, under the 
circumstances of the experiments, the inner com- 
ponents are due to the motion of positive charges. 

There is no need of discussing the degree of proba- 
bility of such a conclusion, as it is refuted by the 
next observation. 

If the quarter-wave plate be rotated in its 
own plane so that the principal direction more and 
more approaches to the horizontal position, the in- 
tensity of the outer components decreases. The 
inner components, which at first are invisible in 
two of the quadrants, being entirely hidden by the 
black broad outer components, are very soon seen, 
as continuous bands crossing at right angles the 
horizontal separation line. 

Finally, when the principal direction of the 
quarter-wave plate has become horizontal, there is, 
as far as concerns the inner components, no dif- 
ference at all between the upper and lower fields, 
and only a slight one as far as concerns the outer 
components. 

43. From the observations recorded in 41 and 
42 we cannot but conclude that under the circum- 
stances of the experiment the inner components of 
the new quartet are unpolarized. 

This result seems paradoxical, because one now 
has become accustomed to expect polarization of 
all magnetically separated and displaced lines, 
xv 
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The result, however, seems to be in perfect accord- 
ance with, theory, at least if it be permitted to 
apply to the middle components of the quartet, the 
theoretical inference drawn for the central compo- 
nent of the triplet. 

LORENTZ has proved that in the case of a triplet 
for a frequency n = n Q and 5 < Sj two oppositely 
elliptically polarized beams may be transmitted, 
having the same index of absorption, but unequal 
velocities of propagation. The characteristic vibra- 
tion-ellipses for the two beams are the same, but 
described in opposite directions (see also 22 
above) . 

Since the indices of absorption of the two beams 
are equal, we may expect that, under the circum- 
stances mentioned, a magnetized vapour can pro- 
duce in a continuous, unpolarized spectrum unpol- 
arized absorption lines only. 

44. The consideration in 35 of the reflected 
image of a system was made in order to show that 
the inclination of the ellipses remains unaffected 
by a change of sign of the angle between the line 
of force and the ray. 

45. Quartet for 3 = 0. By increasing still 
further the vapour-density necessary for the experi- 
ment of $ 43, we were able to observe, even in the 
direction 5 = 0, the two unpolarized lines, corre- 
sponding to the inner components of the quartet. 
The outer components, however, have then become 

extremely diffuse. 
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It is certainly remarkable that the two new com- 
ponents are still relatively narrow. The theoretical 
reason for this feature of the phenomenon has still 
to be worked out. 

It is, however, in accordance with theory (always 
on the supposition that it does apply directly to 
the quartet) that for 3 = the density of the 
vapour must exceed that for 3 =16, in order to 
render visible the new lines. Indeed according to 
the formulae (42) and (26) of LOKENTZ'S paper 
(cited in I above) the absorption index decreases 
with decreasing 3. 

The experiments ( 39 43) seem to give con- 
clusive evidence that an angle 3 3. really exists. 

Indeed, phenomena of the kind described in the 
last paragraphs are to be expected in a region only 
between 3 a and 0. 

The experimental verification of LORENTZ'S de- 
ductions, formulated in 23 above, gives a new 
proof of the rational connexion established by 
VOIGT'S theory of the inverse magnetic effect 
between diverse phenomena. 

A more accurate measurement of 3 l7 the vapour 
density and the field being chosen, must be post- 
poned. 

46. The new type of magnetic separation, with 
some components polarized, the other ones unpo- 
larized, which returns to the ordinary separation 
by decrease of vapour density, we were able to 
observe also with D 2 . Since the density of the 
xv 
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vapour must be great in the present experiment, 
the effects observed with D 2 , which splits up into 
a pseudo-triplet, are less clear and characteristic 
than with D. We therefore restricted the detailed 
description of our observations to the case of D^. 
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was first published in: Zittingsverslagen der Kon. Akademie 
van Wetensehappen tc Amsterdam, January 29^ ( 1 20), 
April 29>. ( 2133) and June 25th 1910 ( 3446), Vol. 
XVIII pp. 621633, pp. 889898, Vol. XIX pp. 233242. 
A translation, which has been reprinted here, appeared in : Pro- 
ceedings Royal Academy of Sciences at Amsterdam, Vol. XII 
pp. 584-596, XIII pp.' 3544, 162171 and The Astrophy- 
sical Journal XXXII (1910) pp. 329362. 

It has been published also : Pliysikalischc Zeitschnit 11(1910) 
pp 533560, 657 662, 880886 and Archives Neerlandaises 
(2) 15, pp. 453487. 



XVI. CONSIDERATIONS CONCERNING 
LIGHT RADIATION UNDER THE SIMUL- 
TANEOUS INFLUENCE OF ELECTRIC 
AND MAGNETIC FORCES AND SOME 
EXPERIMENTS THEREBY SUGGESTED 

THEORETICAL CONSIDERATIONS 

A FTER the discovery of the influence of magne- 
Ji\ tic forces on radiation frequency in 1896, many 
physicists certainly have put the question to them- 
selves whether electric fields also influence the emis- 
sion of light. We may imagine an atom or molecule 
containing one single electron, which is drawn back 
to its position of equilibrium by quasi-elastic forces 
kx, %, liz, where a;, y, ss, are the components 
of the displacement of the electron. This is just as 
in LORENTZ 's elementary theory of magnetic separa- 
tion. Let our molecule be placed in a uniform 
electric field parallel to the axis of X. If the force 
on the electron be denoted by X, then the displace- 
ment x of the electron is given by 

X = -t- kx Q . 

In the new position there is equilibrium. If the 
electron performs vibrations about the new position, 
then the coordinates may be represented by 

^o + > ^ s 
I, y? 3 being supposed to be infinitely small. The 

XVI 
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components X', Y f ,Z' of the quasi-elastic force 
become 

and therefore the components of the total force 
(X H- X', etc.) 

In the new position the electron is subjected to 
infinitely small forces, which are independent of the 
direction of the displacement. The frequency of 
the vibrations of the electron, being determined by 
k, has the same value as before the application of 
the electric field. 

2. VOIGT developed the consequences of the 
hypothesis, which presents itself, if the simple law 
followed by the quasi-elastic force of 1 no longer 
holds. 

The potential energy of a displacement (x, #, 0) 
is represented in the supposition of 1 by 

k being a constant. 

If the displacement of the electron can no longer 
be regarded as infinitely small, the value of the 
potential energy may be expanded according to as- 
cending powers of rc, ;//, s. In a perfectly isotropic 
molecule we may write therefore, only retaining the 
first correction term 

J- - M . JL T . /, 



4 .............. (3) 



h' being a second constant. 
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If the electron now performs vibrations (, /?, ) 
about the new position of equilibrium, which it shall 
take under the action of the force X in an electric 
field parallel to the axis of X, then one finds easily 
with VOIGT x ) for the components of the total force 
(X 4- X', etc.) 

- (k H- 3& V) , - (* -f- ftVK (* + ^ V)C . - (4) 

The factor by which the displacement is to be 
multiplied in order to find the force, has now 
another value with a displacement parallel to the 
lines of force than with a displacement at right 
angles to the field. The frequencies of vibrations 
in these principal directions are therefore different. 

Applying these considerations to all the electrons 
contained in the atoms of a substance such as lu- 
minous sodium vapour, VOIGT comes to the fol- 
lowing remarkable theoretical result. 

If by means of a spectroscope we examine the 
light that is radiated along the lines of force of 
the electric field, we shall observe a displacement 
of the unpolarized spectral line from its original 
position. At right angles to the field we may expect 
a transverse electric effect, the original line being 
separated into two polarized components. The com- 
ponent vibrating parallel to the field undergoes a 



1 ) VOIGT. Zur Theorie cler Einwirkimg cines elcktrostatischen 
Feldes auf die optischcn Eiffenscliaften dcr Kovper. Ann. d. 
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displacement three times as large as that of the 
component vibrating perpendicularly to the field. 

It is easily seen that the electric change of 
frequency must be proportional to the square of the 
electric force. 

It is remarked by VOIGT that, if the negatively 
charged electrons are embedded in a positively 
charged sphere with a density decreasing from the 
centre outward, the expected displacement of the 
spectral lines must be toward the red. 

In what follows I shall, in order to fix the ideas, 
suppose that the spectral lines are shifted in the 
sense indicated, but this is not essential. 

3. If the expression (3) for the potential energy 
of an electron is replaced by 

= -i- k (x 2 + 7/ 2 + z*) + ~ k"x* 

the isotropy has disappeared. 

One of the components of the electric doublet 
now coincides with the original line. 

"We will do well therefore, not to attach too much 
importance to the simple ratio of the displacements 
of the components of the doublet, which follows 
from the considerations in 2. In the following 
discussion we consider a doublet, which can have 
yet very different positions relatively to the origin- 
al line. 

4. Ten years have passed already since the ap- 
pearance of VOIGT 's first paper concerning an 
electric analogue of the magnetic spectral effect, 
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but till now physicists have not succeeded in veri- 
fying its existence. Two reasons can at once be 
given for this negative result. 

Some idea of the probable order of magnitude 
of the electric effect can be inferred from observa- 
tions concerning the influence of an electric field 
011 the refractive index. This estimate gives ex- 
tremely small values for the electric change of 
frequency. 

According to VOIGT'S estimate the change of 
frequency in a field of 30.000 volts per cmm. would 
hardly amount to the 1 /iooo th P ar ^ the distance 
of the sodium lines. A field of 3000 volts per cm. 
would again diminish it 100 times. 

Even if a source of light giving very narrow 
spectral lines could be placed in the mentioned 
intense electric fields, the observation of the electric 
effect would not be without difficulties. 

A greater difficulty than the smallness of the 
effect is, however, due to the impossibility of sub- 
jecting metallic vapours to intense electric fields. 
A sodium flame almost immediately equalizes a 
large potential difference between the plates of a 
condenser. 

Circumstances are perhaps somewhat more fa- 
vourable with rapid electric oscillations. During 
part of the period of discharge of the spark of a 
condenser the luminous vapour between the elec- 
trodes may be subjected to intense electric forces. 
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relatively to the flame or arc lines is not to be 
explained by the influence of electric forces, now 
under consideration. Yet a displacement of spectral 
lines is the first thing one may expect to observe. 
It will depend upon circumstances whether a pola- 
rization at the borders of the displaced line shall 
be visible. Finally this also involves the establishing 
of an extremely small displacement under rather 
unfavourable circumstances. 

The failure of all attempts hitherto made to 
observe an electric spectral effect 1 ), induced me 
to try a new way for attacking the problem. I have 
imagined a method which would, reveal an action 
of the electric field by an asymmetrical change of 
a magnetic triplet, or by a remarkable variation 
of a magnetic doublet. 

I shall prove that the mentioned asymmetry must 
change its sign if the direction of the electric field 
is rotated through an angle of 90. In. some of my 
experiments the electric field existing between me- 
tallic electrodes during the passage of the spark 
is used. 

The spark passes across an air space, in a longi- 
tudinal or in a transverse magnetic field as the case 
may be. [In more recent experiments the absorp- 
tion lines of a xenotiine crystal, were studied] . 

Besides the mentioned asymmetries different, 
delicate particularities of triplets originating under 



a ) Cl HULL. Proc. R. S. p. 80. Vol. 78. 1907. 
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the simultaneous influence of magnetic and electric 
forces can be predicted. 

The observation of the whole of these particula- 
rities would give almost as strong evidence for the 
existence of the electric effect as a direct observa- 
tion of the effect in an experiment made with 
electric forces alone. 

There is one particularity, which, if it could be 
observed, would prove by itself most strongly the 
existence of an electric spectral effect. I shall show 
(see 10) that the components of the magnetic 
doublet, observed along the horizontal magnetic 
lines of force cease to be completely circularly po- 
larized, but must become slightly elliptically pola- 
rized, if the vibrating electrons are at the same time 
under the influence of a vertical electric field. The 
ellipticity hinted at must be much more easily 
observable than a change of frequency under the 
sole action of electric forces. 

For some time I privately held the opinion that 
the asymmetry of some magnetic triplets, first 
studied in detail by myself and afterwards by 
GTMELIN, DUFOTJR, NAGAOKA, and others, could be 
explained by a cooperation of electric and magnetic 
fields. 

I shall show, however, experimentally that such 
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action of electric fields on the emission of light 
cannot yet be answered affirmatively. 

The experiments certainly are of some value for 
our understanding of the asymmetry of triplets, 
and may show the way to better methods for in- 
vestigatingithe electric effect. A description of the 
experiments follows in the second part of this paper ; 
in the present communication I shall explain their 
theoretical foundations. A criterion for a dissym- 
metry, governed by electric actions, can be esta- 
blished, by means of which it shall be possible to 
fix a limit for the magnitude of the electric effect. 

5. The first problem that I will consider relates 
to the vibrations of an electron under the simul- 
taneous influence of parallel electric and magnetic 
fields. 

Let a system of three rectangular axes be chosen 
and let the magnetic force be parallel to the 
axis OZ. 

Let c, vj, be the components of the displacement 
of an electron, then the equations of motion are 

= i 2 -h r v) y b" 1 y r '.... (6) 
?-a a (7) 

The difference of a and 1) determines the electric 
effect, the magnetic one is determined by r. Suppose 
1) > a and put ~b a s, hence s positive. 



pint M npint 

q e *7 ij_c , 

eing in general a complex quantity. The real 
ion of the electron is obtained by taking the real 
bs of the expressions for | and yj. 
Caking the substitution, we get: 

n 1 = b z + inrq, w?q b z q irn . . (8) 

ce 

n = l) + = + s 4- (9} 

~"~ - o r 9* ^ y 

'rom (8) we obtain two values for g, viz: 

n \ 4 i-\o\ 

\J ,. -J- |> ..,,.... ...,.,.. IXV/^ 

. We shall now consider 3 special cases. 
'ase I. Electric field = 0, hence s 0. Upper 
is in (9) and (10). We then have for the motion 
:he plane of XY, 

1 

n a + -^- r, q = + -i. 

'he lower signs in (9) and (10) give 

1 

n = a =- r, 



^he two solutions represent circular vibrations 
he plane of XY, right-handed with the frequency 

- r, left-handed with the frequency a r. 

2i 2 

5 vibrations parallel to the axis OZ have the fre- 



queiicy a. In snort we nave to do with. LORENTZ 
elementary theory. 

All this is independent of the sign of r, i. e., o 
the direction of the magnetic field. If r be nega 
tive, the right-handed circular vibrations belong t 
a frequency smaller than a. 

Case II. Magnetic field = 0, hence r 0. 

Vibrations of arbitrary form with frequency 
are now performed in the plane of X, Y. ParalL 
to the axis OZ we still have vibrations with fr< 
quency a. 

Case III. Simultaneous electric and magnet 
fields. Let r be positive. 

According to (9) and (10) and taking the upp< 
signs we find 

r I 

n = b + y = a + s -\- -y-r, q = + ^ 

representing right-handed circular vibrations 
the plane of X Y, with the frequency a -\- s -fy 
The lower signs give : 

n = b - r = ct + s - r q i 

being left-handed circular vibrations in the pla 
of X y, with the frequency a + s yr. 

If r be negjiti vc;, the circular motions are describ 
in the opposite direction. 

Vibrations par-all el to the axis 0% always have 1 
frequency a. 



A B 



A A BO 
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"We therefore obtain when observing at right 
angles to the fields a dissymmetrical triplet, the 
relative position of its components being determined 
by the following rule. 

I shall suppose that the violet, consequently the 
higher frequencies, is on the light. 

Let A and B be the lines with the frequencies 
a and 1), if there is solely an electric field. 

Let the electric field be hori- 
zontal. 

yi&i. If now the magnetic field is 
superposed, then A remains. 

Two components, however, ori- 
ginate out of B-, they have dis- 

n* 

placements equal to -~, and in 

opposite direction. The result is 
the triplet A'AB'. 

The electric doublet AB may 
still have different positions rc- 
B latively to the original line 0. 
In the supposition of 3 the line 
B coincides with the line 0. In the supposition of 
1 the original line is at a distance % s at the right 
of B. 

7. We shall now suppose that the electric field 
is an oscillating one. Let B coincide with the origin- 
al line. If the electric force oscillates according 
to the formula a cos nt, then s may be represented 



A 

Fig. 1. 



by 02 cos 2 nt = ~ (1 

A 
XVI 



cos 2nt). 
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The lines A' and B' retain their places. The 
middle line of the dissymmetrical triplet must 
always be less narrow than the outer components 
and darkest in the centre. All this a)plies with a 
slight modification to the case when B does not 
coincide with the original position of the line. 

8. In the second problem, which we will now 
consider, a vibrating electron is subjected to a 
horizontal magnetic and a vertical electric field. 
Let the magnetic force be parallel to OZ, the electric 
to OX. 

The equations of motion now become: 

r ...... (11) 

(12) 



Suppose again 1) > a and ~b a = s. s now as 
before determines the electric, r the magnetic effect. 

The frequency of vibrations parallel to 03 is 
always 1). 

As in 5 we put 

% e int } y _ ygint 

By (11) we have 

7i 2 = a 2 + inrq ti z q = b^q irn (13) 
or 

(n z a 2 ) (n 

Whence 



-4- b* 4- r 2 ) ~ 
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Replacing I by a 4- s we may write approximately 

s i Kr 2 + * 



or 



= a 4- (s W 2 4- s 2 ) (14) 



According to (13) to these frequencies correspond 
two values of the complex amplitude q 

. s 1/r 2 4- s 2 /., rx 

q==l _ (15) 

9. We shall again consider three special cases. 
Case I. Electric field zero, hence s = 0. 
Using (14) and (15) we find for the motion in 

the plane of XY 

n =a -J- r, q = i, 

equations discussed in 6 above. 

Case II. Magnetic field absent, r = 0. 

Now, by (14) and (15), if the upper signs are 
taken 

na-\-s = b, q = co } 

representing rectinilear vibrations parallel to OY. 
If the lower signs are used 

n = a, q = 0, 

meaning rectilinear vibrations parallel to OX. 

10. Case III. Electric field vertical and magne- 
tic horizontal. This case is slightly less simple. 

Let us write a = | 0/r 2 -f- s 2 s) and let r be 
positive. 



327 

Taking the upper sign in (14) and (15), then 
n = a 4- |(s 4- I/?' 2 + s' 2 ) = b + 1 (|/r 2 + s 2 5) = 6 + o-. 
a being a positive quantity. The coefficient of i in 



. s 



4. J/ 



r 2 4- 



is positive and > 1. This represents an elliptic 
vibration in the plane of X, F, the axes being 
parallel to OX and OF, the major axis parallel to 
OY. The motion of the electron is right-handed. 

Taking now the lower signs in (14) and (15) 

I 1 __ 
we have n a + -~- (s V r 2 + s 2 ) == a o-, and 



1/r 2 + 



+ s 



The coefficient of i is positive and < 1. The elec- 
tron performs an elliptic 
vibration, left-handed and 
in the plane of X, F; the 
axes are again parallel to 
OX and <9F, but the major 
axis parallel to OX. 

We now get a dissymme- 
trical triplet. 

Let A and B be the two 
lines of the electric doublet, 
the electric field alone being 
present. 
2. If now the magnetic field, 
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is set up B remains with vibrations parallel to the 
magnetic force. Two new components are added 
which one may consider as originating from A and 
.B by a displacement equal to a distance a. 

If the sign of r is negative, that is if the mag- 
netic force is reversed, then our considerations still 
apply with but a small change. To the frequency 
% = 6 -|- or then corresponds 

. s -f-l/V 2 4- s 2 
2-' ~ r ' 

The coefficient of i is in absolute measure > 1, 
but negative. 

The value of the coefficient of i with the lower 
sign is the same as above, only the sign of the ex- 
pression is reversed. 

The figure still covers the case, but the motion 
in the ellipses takes place in the opposite sense. 

The product of the two values of q determined 
by (15) is equal to unity. Hence the product of the 
horizontal, as well as of the vertical axes of both 
the vibration-ellipses is always equal to unity. 

It may be not inappropriate to make here the 
remark that the lines of the triplet considered 
in this paragraph exert a kind of "repulsion" upon 
each other; LORENTZ *) proved that such must be 
generally the case for two spectral lines. 

11. If one has to do with an oscillating electric 



*) LORENTZ. Encyclopadie- d. math. W. V. 3. Heft 2. Mag- 
neto-ODtischc Phanomene No. 36 11. No. 53. 
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field (cf . 7) the lines of the triplet are broadened. 
If the supposition of 1 concerning the relative 
position of A, B, and holds, the width of the 

o 

middle component becomes-^-? but that of the outer 

ones s. The components are most intense in the 
centre. 
12. The ratio of 'the axes of the ellipses in 10 

is 1 : 1 -I resp. 1:1 if the electric effect is 

r r 

small relatively to the magnetic one. 

Hence the intensities corresponding to vibrations 
parallel to OX and to OY, differ by an amount 

proportional to - 1 - 

If the light is examined parallel to the, magnetic, 
lines of force and the separation of the magnetic 
doublet is 100 times the distance s, then tlio diPfor-- 
encc of the intensities of the vibrations parallel to 
the axes of the ellipses would be Vno part of the 
intensity corresponding to the vortical, or liori/ontul 
vibrations. Moreover tho difference of .intensity 
would have opposite sign with both components. 

This method seems capable of Tendering 1 import- 
ant services in searching for an electric effect. For 
differences of .intensity of 2 % can be ascertained ' ) 
with certainty by using i^iotographic-pbotomotivic, 
measurements. We, therefore, must be able to dis- 
cover an electric effect one hundred times smaller 
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than the magnetic effect traceable by means of a 
spectroscope with the maximum resolving power 
serviceable under the conditions of the experiments. 
It does not look now entirely impossible to ascertain 
under favourable circumstances an electric effect 
of the order of magnitude estimated by theory. 

13. If the electric field 
is non-uniform, but gradual- 
ly increasing upwards, then 
the components bend more 
and more toward the red 
(Fig. 3). 

The middle component A bends more than the 
other ones, if the case considered in 5 is under 
consideration (parallel elec- 
tric and magnetic fields). 

If, however, the electric 
force is vertical and the 
magnetic one horizontal, 
then the position of the 
components must become that sketched in the next 
figure ; it is now the middle component which gets 
the smaller curvature. 
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This paper was first published in : Zittingsverslagen der Koii. 
Akademie van "Wetenschappen te Amsterdam, January 28 tl1 
.1911, Vol. XIX pp. 957967. A translation, which has been 
reprinted here, appeared in: Proceedings Royal Academy o:l! 
Sciences at Amsterdam, Vol. XIV pp. 2 11. It has been pub- 
lished also: Physikalische Zeitschrift 13 (1912) pp. 177183. 



XVII. ON THE POLARISATION IMPRESS- 
ED UPON LIGHT BY TRAVERSING THE 
SLIT OF A SPECTROSCOPE AND SOME 
ERRORS RESULTING THEREFROM 

IN a communication "The intensities of the 
components of spectral lines divided by magnet- 
ism" 1 ), I drew attention to the fact that by the 
polarizing action of the grating the ratio of the 
observed intensities of the components of a triplet 
differs considerably from the ratio present in the 
light as it is emitted by the source. In some cases 
the observer sees only a faint central component 
and two intense outer components, whereas the true 
ratio is just the reverse. In order to obtain in the 
image the true ratio of the intensities I suggested 
to introduce before the slit of the spectroscope a 
quartz plate of such a thickness, that the incident 
light is rotated through an angle of 45 2 ). 

Besides the mentioned polarizing effect of the 
grating there is a second cause tending to make the 
ratio of the intensities of components of different 
direction of vibration in the image different from 
that corresponding to the constitution of the emitted 
light. I mean the polarization impressed upon light 
which traverses fine slits. Since FIZEATJ 3 ) this 

x ) Amsterdam Proceedings, October 26 1907; c.f. this col- 
lection paper XII, chapter II. 
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effect is well-known, but the errors which may ensue 
from it in investigating spectral lines magnetically 
resolved have not yet been pointed out. 

The following simple experiment is easily made. 
A vacuum tube charged with mercury is placed in 
a horizontal magnetic field. The emitted light is 
analysed by means of a spectroscope securing grea.t 
illumination and high resolving power. The slit 
must be under the control of the observer at the 
eye-piece. The two yellow mercury lines, which are 
resolved into triplets or the green mercury line, 
which splits into three groups each of three lines 
may be observed. If the slit is rather wide then the 
central components of the yellow triplets may have 
twice the intensities of the outer ones; the three 
groups of the green mercury line have about the 
same integral intensity if not wholly resolved. If 
the slit (made of platinoid) be narrowed gradually, 
the intensity of all components decreases, but that 
of the central component or group more than that 
of the outer ones. At last the central components 
of the triplets and even the middle group of the 
brilliant green line can be made to disappear 
entirely 1 ), whereas the outer components remain 
visible. From these observations we cannot but 
conclude that the vibrations perpendicular to the 
slit at last hardlv traverse the narrow slit. 



1 ) This extreme case involves the use of an exceptionally 
narrow slit rarely employed in practice. 

XVII 



The correctness of this explanation may be inferr- 
ed from the fact that the ratio of the intensities 
changes gradually during the narrowing of the slit. 

The view may be controlled by the following ob- 
servations. If a quartz plate, rotating the plane of 
polarization through 90 be introduced before the 
slit of the spectroscope, then only the outer com- 
ponents of the resolved spectral line can be made 
to disappear. 

A second observation was made with the slit only 
of the spectroscope. The lens of the collimator 
being removed the slit of the spectroscope could be 
seen distinctly while viewing along the axis of the 
spectroscope. Looking through a calc-spar rhomb 
the slit appears double. With a wide slit, illumi- 
nated by the radiating tube, the two images exhibit 
the same intensity; a narrowing of the slit gradual- 
ly makes the image due to the vertical vibrations 
more brilliant than the other one. 

I will mention two cases in which errors may be 
introduced by the polarization impressed by the 
narrow slit. This happens in the first place in the 
case mentioned above of the comparison of the in- 
tensities of resolved components vibrating in dif- 
ferent planes. In the second place when the reso- 
lution of lines originally diffuse toward one side 
of the spectrum is investigated, apparent shifts and 
dissymmetrical separations may result. Is the 
original spectral line diffuse toward the red then 
a decrease of the intensity of the central line of a 

XVII 



334 

triplet will cause an apparent shift relatively to 
the outer components toward the violet. The reverse 
will be the case if the original line is diffuse toward 
the violet. 

The apparent shift now under consideration has 
had no influence in the experiments concerning a 
change of wavelength by magnetic forces of the line 
Hg 5791, which the author x ) and (independently) 
G-MELIN 2 ) discovered at the same time. Its 
existence could be demonstrated also by the method 
of FABRY and PEROT, a method not dependent upon 
the use of a narrow slit. 

It is a favourable circumstance that a quartz plate 
introduced before the slit of the spectroscope and 
giving a rotation of the plane of polarization of 
45, eliminates at the same time as well errors due 
to the polarising action of the grating as those 
caused by the narrowness of the slit. 



*) ZEEMAN, Change of wavelength of the middle line oi: tri- 
plets. Amsterdam Proceedings February 29, 1908, in print in 
the Dutch edition March 12, 1908, in the English March 29, 
1908 ; this collection paper XII chapters V VIII. 

2 ) GMELIN. Ueber die unsymmetrische Zerlegung der gelben 
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This paper was first published in : Zittingsverslagen der Kon. 
Akademie vanWetenschappen te Amsterdam, October 26 th 1912, 
Vol. XXI pp. 628 630. A translation, which has been reprinted 
here, appeared in: Proceedings Royal Academy of Sciences at 
Amsterdam, Vol. XV pp. 599 601. It has been published also : 
Physikalische Zeitschrift 14 (1913) pp. 95 97, to which paper 
the following remark was added by the author in correcting 
the proofs: ,,Ich mochte die Bemerkung hinzufugen, dasz bei 
vielen, auch astrophysikalischen, Versuchen, wo es sich uin 
mogliche Verschiebung teilweiser polarisierter Kompoiientcn 
handelt, -ein Vorversuch von Nutzen . sein kann. Bringt man 
namlich gleich hinter dem Spalt (also zwischen Spalt mid 
Gitter) eine diinne Kalkspatplatte und benutzt eine nicht zu 
linienreiche Lichtquelle, z.B. eine Quecksilberlampe, dann geben 
die erzeugten Doppelbilder im. Spcktrum mit eincin Blick man- 
chen Aufschlusz iiber die Polarisations-verhaltnisse, soweit sic 
voin Apparat herriihren. " 



XVHI. A METHOD FOR OBTAINING NAR- 
ROW ABSORPTION LINES OF METAL- 
LIC VAPOURS FOR INVESTIGATIONS 
IN STRONG MAGNETIC FIELDS 

IN the summer of 1911 we intended to make 
together some observations concerning magnetic 
double refraction of metallic vapours. 

The magnetic double refraction of some vapours 
was first discovered (and predicted) by VOIGT, 
afterwards commented upon by ZEEMAN and G-EEST. 

In the paper of the last named authors the 
interesting region between the components of the 
magnetically divided sodium lines was investigated 
and the results represented by drawings. 

It seemed desirable to extend this investigation 
using very narrow lines, which can be maintained 
constant during a long time and to fix the result 
by photograms. 

Our investigation never passed the preliminary 
stage and has become now superfluous by the paper 
of VOIGT and WAGNER which has since appeared. 

During our preliminary observations we tested 
a great number of methods of obtaining narrow 
and constant absorption lines. It seems to present 
sonic interest to record one of our results. 

The absorption lines of sodium were obtained 
beautifully narrow by using small glass tubes 
charged with a little metallic sodium, then sealed to 
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the vacuum pump and evacuated. A tube some 
centimeters in length was placed vertically between 
the poles, the magnetic field being horizontal. 

It is quite possible to use tubes of an external 
width of some millimeters^ Of course much of the 
light of an arc lamp is reflected and diffused by 
the tube, but enough remains to observe the inverse 
magnetic effect with a large ROWLAND grating. The 
magnetic resolution of the narrow lines can be 
splendidly seen and photographed in a reasonable 
time. 

The heating of the tube can be done by a flame, 
but preferently electrically. 

Of course tubes with other volatile metals can be 
prepared in the same way 1 ). 



This paper, written in collaboration with Prof. R. W. WOOD, 
was first published in: Zittingsverslagcn clcr Kon. Akademic 
van WetciLsehappen te Amsterdam, January 25^ 1913, Vol. 
XXI p. 1163. A translation, which has been reprinted here, 
appeared in: Proceedings Eoyal Academy of Sciences at Am- 
sterdam, 'Vol. XV p. 1129. It has been published also: Physi- 
kalische Zcitsehrift 14 (1913) p. 405. 



a ) The method has been since applied with success in an 
investigation by Mr. WOLTJER in the Amsterdam laboratory; 
t.hft results will be 0-iven set>aratelv. 



XIX. MAGNETIC RESOLUTION OF SPEC- 
TRUM LINES AND TEMPERATURE 

AN influence of the temperature of the source of 
Light on the magnitude of magnetic separation 
till now has been vainly sought. There seems to be 
a possibility for such an influence, clue to the free 
electrons in the source of light, if we accept KITZ'S 
theory of magnetic resolution, at least in its original 
form. We thought it of interest to inquire for such 
an action, now that we are able to produce narrow 
spectrum lines of low temperature by means of the 
small tubes of WOOD and ZEEMAN 1 ). On the other 
hand we possess sources of light .of very high tem- 
perature, viz. the oxygen-acetylene flame and the 
electric spark. 

With these means for the magnetised source of 
light, Mr. H. E. WOLTJER has made an investiga- 
tion concerning magnetic resolution at different 
temperatures. An exhaustive discussion only of the 
results of the measurements, which shall be pu- 
blished in H. B. WOLTJER 's thesis for the doctorate, 
can fix the maximum change of the magnetic reso- 
lution. Besides the magnitude of the resolution the 
ratio of the intensities of the divided components is 
of importance to theory. We have begun a separate 
investigation concerning this subject. In the first 
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Fig. 1. Outer components of sodium lines of low 
temperature in magnetic field. 




Fig. 2. Magnetised sodium lines in gas-oxygen flame. 



Fig. 3. Magnetised sodium lines of 300 C. 
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place the behaviour of the line D 2 was investigated. 
Under the influence of the magnetic field it is 
resolved into six components, of which four vibrate 
at right angles to the field and therefore under the 
same circumstances as to polarization. The polar- 
izing action of the grating 1 ) and of the glass sodium 
tube cannot change therefore the ratio of the intensi- 
ties of these four components. The reproduction 
on plate XIV Fig. 1 shows the outer components 
of the magnetised absorption sodium-lines using one 
of the above-mentioned tubes (temperature 350 G.). 
The narrowness of the lines is well exhibited in the 
reproduction. The figures 2 and 3 refer to experi- 
ments with a calc-spar rhomb placed before the slit 
of the spectroscope, and a horizontal slit near the 
source of light. The field of view is divided into 
three parts: one with the horizontal, one with the 
vertical vibrations and the third due to natural 
light 2 ). 

The photograph reproduced on plate XIY Fig. 2 
was made with a gas-oxygen flame, which in later 
experiments (with similar results) was replaced by 
an acetylene-oxygen flame. The temperature of the 
gas-oxygen flame is estimated at 2000 C. that of 
the acetylene-oxygen flame at 2400 0. 

The temperature of the sodium tube, used for the 



1 ) P. ZKEMAN, Amsterdam Proceedings, October 1907; c.f. 
this collection paper XII chapter II. 

2 ) C.F. P. ZEEMAN and B. WDTAWER, Amsterdam Proceedings, 
January 1910; this collection paper XV. 
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experiment to which Pig. 3 relates, was determined 
at about 300 C. by means of a thermo-couple. 

A comparison of the photographs 2 and 3 clearly 
exhibits a difference of the ratio of the intensities 
of the outer components. At the higher temperature 
the outer components appear much fainter in rela- 
tion to the inner ones than at the temperature of 
300 C. A closer inspection shows that in the latter 
case also, the inner components surpass the outer 
ones in intensity, but the difference is less. If the 
density of the sodium vapour is increased, there is 
a greater difference in the behaviour of inner and 
outer components at the higher that at the lower 
temperature. We have the intention to return to 
this point on a further occasion. It would appear 
that we are able by merely changing the temperature 
to influence the separate magnetic components and 
to change within certain limits their intensities. 

With the electric spark the outer components are 
relatively feeble just as with the oxygen-acetylene 
flame. 

It should be noticed that in the experiment to 
which figures 2 and 3 relate, the temperature has 
been changed, but the pressure as well. 

In the glass tube the pressure is of the order of 
some millimetres, whereas the total pressure 
which according to HTTMPHEEYS is decisive in the 
phenomena of pressure-shift of spectrum lines, 
in the experiment with the gas-oxygen flame is 
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In a few cases HUMPHREYS observed also a change 
in the relative intensities of spectrum lines. Hence 
there would be a possibility that the difference 
between figures 2 and 3 is partially due to a change 
of the total pressure. 

The effect now under review is of a rather com- 
plicate character. Besides the DoppLER-effect, also 
the density of the vapour, the change of pressure 
and the length of the path of the light rays must 
play a part. Though apparently there exists an 
influence of temperature on the aspect of the 
resolved lines under the circumstances of our ex- 
periments, it cannot be denied that the interpreta- 
tion of observations concerning the amount of the 
separation is more easy. The complications men- 
tioned are then eliminated. 



This paper, written in collaboration with. Mr. H. R. WOLTJER, 
was first published in: Zittingsvcrslagen der Kon. Akademic 
van Wetcnschappcn to Amsterdam, June 28th 1913, Vol. XXII 
pp. 164 1.66. A translation, which has been reprinted here, 
appeared in: Proceedings Royal Academy of Sciences at Am- 
sterdam, Vol. XVI, pp. 158 159. It has been published also : 
PhysikalLsehe Zcitsctirift 14 (1913) pp. 914915. 
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